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THE PATHOLOGY OF THE PARATHYROID GLAND IN 
HYPERPARATHYROIDISM * 

A STUDY OF 25 CASES 

Benjamin Castleman, M.D., and Tracy B. Mallory, M.D. 

(From the Department of Pathology and Bacteriology, Massachusetts General Hospital, 

Boston, Mass.) 


Introduction 

De Santi was the first to recognize a tumor of parathyroid origin 
in 1900, twenty years after the discovery of the glands in 1880 by 
Sandstrdm.^^ During the next two decades scattered tumors were 
reported, usually from postmortem examinations. Although the 
association of these tumors with the clinical syndrome of von Reck- 
linghausen’s osteitis fibrosa generalisata had long been recognized, 
the cure of the disease following the surgical removal of an enlarged 
parathyroid gland by Mandl in 1925 stimulated greatly increased 
interest in hyperparathyroidism. The rapidly growing list of case 
reports, numbering 160 at the time of writing, has added greatly to 
our knowledge of the condition. No one investigator, however, has 
hitherto had the opportimity to study more than a few cases, the 
largest series and the best histological studies to date emanating 
■ from Bergstrand with 6 cases,^*^^ and from Hunter and TurnbuU 
with 5.'^®’ The recognition by Albright and co-workers®’ ® that 
systematic studies of the calcium and phosphorus metabolism in all 
cases of renal stones would unearth a significant proportion of cases 
of hyperparathyroidism, added to the already keen interest in the 
clinical sjmdrome dating from the work of Albright, Aub, Bauer and 


* Received for publication August ii, 1934. 
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co-workers, Hannon et al, has provided us with 25 cases 

for study. Within this group we have been able to find examples of 
nearly every type of the disease recorded in the literature, so that an 
effort at classification seems justified. 

For purposes of orientation, since the classification, and still more 
the nomenclature, of the types of parathyroid cells is regrettably 
confused, a study of the normal glands seemed necessary. Although 
it provides little that can be considered new, we feel that our de- 
scription of the normal will provide the reader with a base hne from 
which he can more adequately evaluate our descriptions of the dis- 
eased glands. We therefore include it in brief form. 

The Normal Parathyroid Gland 

In 1898 Welsh, after examining the parathyroid glands from 40 
human autopsies, published an accurate description of the histology 
of the normal gland, to which little of fundamental importance has 
been added. He recognized for the first time the “oxyphil” cell, 
which he distinguished clearly from the predominant “principal” or 
“chief” cell. The latter he separated into four subtypes, basing his 
classification partly on the morphology but more on their arrange- 
ment. He believed that the least specialized cell was what is now 
called the “water-clear” or “wasserhelle” cell, and that as the cell 
became more specialized it reached the stage of a true chief cell. The 
arrangement of both the oxyphil and chief cells varied from large 
continuous masses to anastomosing and then branching columns, 
and finally to cords a single cell wide. True acini were occasionally, 
but rarely, found and when present often contained colloid-like 
secretion. 

During the past thirty years many anatomists have studied the 
normal histology of the parathyroid gland, describing various types 
of cells. One difficulty in comprehending this normal histology is the 
nomenclature. Von Verebely describes chief, vacuolated, small 
and large oxyphil cells; Getzowa,®'’ wasserhelle, rosarote and oxy- 
phil cells; Hunter and Turnbull,®® principal and pale and dark o:^- 
phil cells; Erdheim,®® a large pale and a dark oxyphil cell; Kuro- 
kawa,®® clear and dark chief cells. This variation suggests that the 
cell types are not clearly differentiated and that transition forms are 
numerous. 
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In 1903 Erdheim showed the presence of fat granules in the chief 
cells as well as in the stroma. Very little was seen in the oxyphil cells. 
The fat was not present at birth and began to appear after the third 
decade, gradually increasing with age. He emphasized the fact that 
the fat content was not dependent upon the nutrition of the individ- 
ual, but only upon age. 

Kurokawa ^ studied a larger series of about 815 glands removed 
from 240 autopsy cases at Keio University Medical College. His 
material ranged from a 7 month fetus to individuals 80 years of age 
and presents the most adequate survey yet available of the physio- 
logical limits of variation. His findings show that up to the age of 
puberty the cells are all clear chief cells containing glycogen but no 
fat. At this point these cells begin to decrease and the dark chief and 
oxyphil cells gradually appear. The dark chief cells contain fat but 
no glycogen. The oxyphils contain neither fat nor glycogen. Folli- 
cles and colloid appear at this time. The ox3q)hil cells increase with 
advancing age, occurring in masses and nodules after the age of 30 or 
40 years. He found that after puberty there was no tendency for the 
interstitial connective or fatty tissues to increase, nor was there any 
atrophy of the gland. 

In our study the parathyroid glands were removed from 150 rou- 
tine autopsied cases. In the majority of these, four glands were found 
in their normal positions, though in occasional cases only three or 
even two could be demonstrated. In rare instances supernumerary 
and aberrant glands have been reported. Parathyroid tissue has 
been found in the thyroid, thymus, and in other regions of the an- 
terior mediastinum.^®’ The glands in each case are usually the same 
size, though minor variations are not rare. On the average they 
measure 3-6 mm. in length, 2-4 mm. in width, and 0.5-2 mm. in 
thickness. They are usually embedded in fat tissue, from which 
they can be distinguished by their color, which varies from a dark 
reddish brown to a light tan. | 

Our material was for the most part fixed in Zenker’s fluid, em- 
bedded in paraffin, cut at about 8 microns thickness, and stained 
with eosin and methylene blue. In numerous instances paraffin sec- 
tions of formalin-fixed material stained with hematoxylin and eosin 
were also studied. Variations in fixation and staining techmque were 
often found to alter the appearances of the cells significantly. The 
fat content was determined from frozen sections fixed in 10 per cent 
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formalin and stained in scharlach R. Preparations of alcohol-fixed 
material stained for glycogen with Best’s carmine were made in 
about one-half of the cases. It was found that in all but a few cases 
the various glands from the same individual were practically identi- 
cal in appearance. We have elected to recognize four major cell 
t3^es and have been forced to admit the existence of transition types. 

The normal chief or principal cell (Fig. 6) is polyhedral in shape, 
poorly outlined and measures 6-8 microns in diameter. Its nucleus 
is large, roimd, sharply demarcated by a basophilic outline, com- 
prises more than half of the cell volume and measures 4-5 microns in 
diameter. The chromatin is usually abundant, often giving the nu- 
cleus a pyknotic appearance. The cytoplasm is usually very scant 
and faintly acidophilic. Often it is more or less retracted toward the 
cell margins, leaving an unstained halo of var3dng width about the 
nucleus. This is often spoken of as vacuolization, though it may 
represent merely an artefact of fixation and dehydration. Formahn 
fixation tends to exaggerate this appearance, and in frozen sections of 
imfixed tissue vacuolization is chfficult to demonstrate even when 
paraffin sections show it in marked form. Cells showing this halo 
formation in moderate degree we have termed transition wasserhelle 
cells. 

When the cytoplasm is apparently entirely absent, complete vac- 
uolization, the cell is called a “water- clear” or “wasserhelle” cell. 
At this stage the cell is sharply outlined and is larger than the chief 
cell, measuring 10-15 microns in diameter. Its nucleus is about the 
same size as that of the chief cell, but is usually more hyperchro- 
matic, more often pyknotic, and eccentrically located. These cells 
are seen only occasionally in the apparently normal gland and then 
in small groups. We have not observed them before puberty. 
Their presence in small clusters has sometimes been interpreted as 
focal hyperplasia. When the whole gland is composed of these cells, 
as in some cases of nephritis and hypertension, it is felt that hy- 
perplasia is definite. 

The pale oxyphil cell (Fig. 7) is polyhedral in shape, has a sharply 
demarcated cell margin and measures ii— 14 microns in diameter. 
The nucleus is also about the same size as that of the chief cell, 
but not so hyperchromatic. The cytoplasm is uniformly reddish 
pink, finely granular and completely fills the cell. There is no vac- 
uolization. 



PATHOLOGY OF PARATHYROID GLAND 5 

The dark oxyphil cell is larger than the chief cell but smaller than 
the pale ox3rphil, and measures 8-io microns in diameter. Its ceU 
border is not sharp. The nucleus is small, 3-4 microns, and intensely 
pyknotic. The cytoplasm is dark red and homogeneous. 

The distribution of these cells varies with age. Until puberty the 
gland is composed wholly of chief cells with a slight tendency to 
vacuolization (Fig. i) . We cannot subscribe to Kurokawa’s®® classifi- 
cation of them as wasserhelle cells. These cells contain a fair amount 
of glycogen but no fat, the latter appearing soon after puberty as 
very fine droplets. At puberty or soon afterward pale oxyphils grad- 
ually appear, at first singly and then in pairs. They increase in num- 
ber with advancing age, forming large islands usually after 40 to 50 
years of age (Fig. 3). These islands are sharply circumscribed but 
not encapsulated, and often continuous cords of parenchymal cells 
can be traced across the margin into the surrounding tissue. These 
cells do not contain fat or glycogen. Dark oxyphil cells occur singly 
and usually close to the stroma. They are not present before pu- 
berty, and occur usually when pale oxyplnls are present. They like- 
wise do not contain fat or glycogen. 

Following puberty large fat cells appear in the stroma and increase 
in number until about 40 years of age (Fig. 2). The fat tissue re- 
mains fairly constant during middle age and does not increase with old 
age. In fact, in cases where the individual was over 80 years of age, 
in which oxyphil groups are numerous, it is somewhat diminished. 
It is interesting to note that when an adult gland is smaller than 
normal the decreased size is due to the absence or marked diminu- 
tion of fat cells, whereas the parenchymal cell volume is about the 
same as in a normal sized fat-containing gland. These observations 
on the fat content do not wholly coincide with those of Erdheim.®° 

Cysts of varying sizes are observed in about one-half of the cases 
beyond puberty (Fig. 4) . In 2 cases one of the glands was composed 
almost wholly of one large cyst similar to that described by Alagna.^ 
These cysts are filled with granular and cellular debris or with a dark 
blue-staining, finely granular material which is often, though per- 
haps improperly, termed colloid. 

In one case a small, circumscribed, apparently non-functioning 
adenoma 3-4 mm . in diameter with a distinct fibrous capsule was 
found in one of the glands. The cells of this tumor were classified as a 
transition stage between chief and pale ox3T)hil cells (Fig. 5). 
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Cases of Hyperparathyroidism 

The clinical and surgical aspects of many of these cases have al- 
ready been reported elsewhere in detail and reference to them -will 
be given with each description. Cases 1-17 are collected in a paper 
by Albright, Aub and Bauer.^ The surgical features in the treatment 
of these cases have been reported by Churchill and Cope.’^’ ^ The 
case niunbers in the present series have been kept identical with 
those of the clinical studies. 

With the gradual accumulation of material it became evident that 
one fundamental line of division could be drawn. One group of cases, 
the smaller one, was characterized by a diffuse, uniform alteration of 
all the parathyroid tissue in the body (Figs, 8-13). In the second 
group one gland, often only a part of it, rarely parts of two glands, 
were abnormal (Figs. 15-26), whereas the remaining parath5Toid 
tissue was grossly and microscopically within the limits of normal 
variation. That the first group is to be regarded as hyperplastic, de- 
pendent on some external chemical, hormonal or nervous stimula- 
tion, seems obvious. That the second group falls within the accepted 
limits of neoplasia is a thesis we shall attempt to defend. The 
case reports which follow have been grouped according to this gen- 
eral classification and then further subdivided on purely morpho- 
logical grounds of similarity of cell type and structure. 

Group A: Hyperplasia 

Case 15 (33-4840 and 34-796). Clinical History: A. P., a TOdow, 62 

years of age, was first admitted in 1928 because of bfiateral renal calculi. At this 
time two stones were removed from the right kidney pelvis, but in November, 
i 933 > bilateral renal calculi were again found. The non-protein nitrogen was 32 
mg. and the phenolsulphonephthalein excretion was only slightly impaired. The 
urine contained many white blood cells. A stone was removed from the left 
ureter. Senun calcium was 15 mg., phosphorus 2.2 mg., phosphatase 7.3 Bo- 
dansky units. X-rays of the skeleton were negative. On Dec. 19, 1933, at opera- 
tion a parathyroid tumor was demonstrated below the right lobe of the thyroid 
and another on the left in a symmetrical position. Both were removed and the 
dissection was carried no further. Postoperatively the serum calcium at first fell, 
but soon began to rise. On Dec. 26, 1933, the serum calcium w'as 15.4 mg., the 
phosphorus 2.2 mg. On Feb. 28, 1934, a second operation was performed at 
which the left upper parath3Toid was not demonstrated, but the right upper was 
found greatly enlarged and was resected, a portion about tv, ice the size of a nor- 
mal gland being left in place. In April, 1934, the serum calciiun was 11.4 mg., the 
phosphorus 2.2 mg. I\Tien last seen, on June 30, 1934, the serum calcium was 
13.78 mg., the phosphorus 2.75 mg. 
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Gross Description: The specimen removed from the region of the 
lower pole of the right lobe of the thyroid weighs o.6i gm. and meas- 
ures 1.5 by 1.2 by 0.5 cm. The gland is encapsulated, smooth sur- 
faced and deep reddish brown in color. On one surface there is a 
curved shallow depression. The cut surface is homogeneously red- 
dish brown. The specimen removed from the region of the lower pole 
of the left lobe of the thyroid weighs 0.51 gm. and measures 1.8 by 
0.8 by 0.6 cm. It is slightly paler but otherwise the same as the other 
specimen. 

The specimen removed 71 days later (34-786) from the region of 
the upper pole of the right lobe of the thyroid weighs approximately 
10 gm. and measures S by 3 by 1.3 cm. Its surface is reddish brown, 
smooth and glistening, except where several small clear cysts aver- 
aging 0.5 cm. in diameter project from it. On section the surfaces 
are reddish brown, with cysts which yield a little clear straw-colored 
fluid. 

Microscopic Examination: Both specimens removed at the first 
operation have the same microscopic appearance. The capsule is thin 
and no normal parathyroid tissue is found within or outside of it. 

There is only one type of cell throughout, the wasserhelle cell (Fig. 
9) , which is polyhedral in shape, sharply demarcated by a thin eosin- 
ophilic membrane, and varies from 10 to 40 microns in diameter, 
averaging 15 to 20. Many of the cell boundaries are broken, with 
resultant fusion, similar to the fusion of alveoli in pulmonary em- 
physema. In contrast to the variability in the size of the cells the 
nuclei, though often multiple, are all approximately the same size, 
averaging about 8 microns in diameter. They are round to slightly 
ovoid in shape, sharply outlined, moderately hyperchromatic, with 
an eccentrically placed nucleolus. As a rule the nuclei are located in 
the end of the cell that is contiguous to the stroma. This produces a 
characteristic pattern which resembles branches of berries (Fig. ii). 
The cytoplasm is clear except for a little, light pink-staining granular 
material. Many of these tiny granules are glycogen deposits. Similar 
granules are present within the nuclei. There is no fat, except for a 
rare droplet in the stroma. The low power appearance of the histo- 
logical sections is so similar to that of clear cell renal carcinomas that 
distinction would be difficult if the source were not known. In fact 
one gland of this type was actually reported as a h3^ernephroma of 
the thyroid.®^ 
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The Stroma is composed of thin, fibrous connective tissue bands 
containing a moderate number of connective tissue cells and rela- 
tively few blood vessels. These bands surround small and large 
groups of cells, producing a pseudoglandular effect. This effect is 
further emphasized by the position of the nuclei, as mentioned 
above. Occasionally a true single layered alveolus is seen. No oxy- 
phil or chief cells are found. There are no mitoses. 

The ceils in the specimen removed at the second operation are of 
the same type as those present in the other two glands. The same 
characteristic pattern is produced by the peripheral location of the 
nuclei, but there is more marked gland and cyst formation. These 
spaces vary in size from o.i to 5 mm. They are usually lined with 
a single layer of wasserhelle cells. Their lumina are filled with pmk- 
staining granular debris and at times with desquamated lining cells 
and red blood cells (Figs. 8 and 9). 

Case 16 (34-634), Clinical History: T. F., a male, 26 years of age, en- 

tered on the urological service because of intermittent attacks of right renal colic 
for 15 months. Physical examination was negative. The non-protein nitrogen 
was normal. Serum calcium was 15.1 mg., phosphorus i .8 mg. The urine showed 
finely granular casts of the hyperparathyroidism type (containing calcium 
phosphate).^ X-rays of the skeleton were negative, but films of the urinary tract 
showed two small stones in the right ureter. These were removed and later, on 
Feb. 16, 1934, a parathyroid tumor below the right lower pole of the thyroid at 
the sternoclavicular junction was resected. Directly beneath this lay a second, 
much larger tumor, which came from the surface of the prevertebral fascia and 
the posterolateral aspect of the trachea and esophagus. This was also excised. 
The following day the serum calcium was 11.9, the phosphorus 2.6 mg. "WTien 
last seen, on April 13, 1934, the serum calcium was 10.2, the phosphorus 2.3 mg. 

Gross Descriplio 7 i: The first gland is a well circumscribed, encap- 
sulated, smooth surfaced, orange-brown ovoid mass w^eighing ap- 
proximately 0.6 gm. and measuring 1.5 by i by 0.6 cm. The cut 
surface is tmiformly yellowish brown. 

The second gland is an encapsulated, smooth surfaced, ovoid soft 
tumor weighing approximately 15 gm. and measuring roughly 4.5 by 
3.5 by 2.5 cm. Both poles are slightly pointed and narrowed. The 
surface is reddish brown. At one pole there is a small cyst 0.8 cm. 
in diameter filled with clear colorless fluid. The cut surface is homo- 
geneously yellowish to reddish bro-ivn, soft and glistening. 

Microscopic Rocatninalion: The rmcroscopic picture of both of these 
tumors is identical. They are completely made up of large wasser- 
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helle cells of the same type as that seen in Case 15. There are no 
chief or oxyphil cells. No normal parathyroid tissue is present. 

The cells in this case, as in Case 15, are in many places arranged in 
true gland formation. The characteristic pattern produced by the 
peripherally placed nuclei is much more pronounced than in Case 15 
(Figs. 10 and ii). 

Case i 7 s, ■», 32 (34-600). Clinical Eisiory: J. M. M., a female, 55 years of age, 
entered on the urolo^cal service for intermittent attacks of renal colic for the 
past 14 months. Physical examination was negative. A stone demonstrated by 
X-ray in the right ureter was removed. The non-protein nitrogen was 31 mg. 
Serum calcium was 12.7 mg,, phosphorus 2.4 mg., phosphatase 4.2 Bodansky 
units (normal). X-rays of the skeleton were negative. At operation on Feb. 14, 
1934, all four glands were found in normal position and were enlarged. Three, 
and a portion of the fourth were removed. The following day the serum calcium 
was 10.9 mg., the phosphorus 2.2 mg. When last seen, on June 25, 1934, the 
serum calcium was 10.34 mg., the phosphorus 2.99 mg. 

Gross Description: {Left Upper): A soft, reddish brown, slightly 
nodular, irregular, non-granular piece of tissue weighing 2 gm. and 
measuring approximately 2 by 2 by i cm. The specimen has been cut 
in several places. (At operation the recurrent laryngeal nerve had to 
be dissected free.) 

{Left Lower): Weighs 0.6 gm., measures i by 0,8 by 0.4 cm. 

{Right Upper): A small biopsy approximately i mm. in diameter. 

{Right Lower): Weighs 0.8 gm., measures 1.8 by 1.2 by 0.4 cm. 

The cut surface of all the specimens is homogeneously reddish 
brown. 

Microscopic Examination: The microscopic picture of all sections 
is identical with Cases 15 and 16. 

Case 23 (34-2729), Clinical History: A. S., a male, 41 years of age. In Au- 
gust, 1932, the patient passed a renal stone. Three months later his physician 
removed three stones with the aid of a cystoscope. One month later he com- 
plained of a tight feeling in the left hip, soon followed by soreness in the hypo- 
gastrium and left lower quadrant. Cystoscopy was negative. He lost 35 pounds 
in weight. At the Massachusetts General Hospital in Feb., 1934, X-rays showed 
a cystic tumor of the left ih’um and calcification in the lower pole of the left kid- 
ney. The bone lesion was resected and was diagnosed as an atypical chondrosar- 
coma. No changes in the least suggestive of osteitis fibrosa cystica were demon- 
strated. Examination of the urine showed a slight trace of albumin, 20-60 white 
blood cells, and occasional red blood cells. Bence-Jones protein was found on one 
occasion. The serum calcium was 13.1 mg., sennn phosphorus 2.92 mg. After 
discharge the patient felt somewhat better for a while but soon the abdominal 
symptoms returned and he reentered for parathyroidectomy. The laboratory 
findings were essentially the same. On July ii, 1934, operation was performed. 
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The left upper, left lower, and right lower parathyroid glands were found en- 
larged and removed. A small biopsy was taken from an apparently normal sized 
right upper. Postoperatively the serum calcium went down slowly, reaching 
10.18 mg. on the loth day; the phosphorus was 3.4 mg. Three months later the 
corresponding figures were 11.96 mg. and 3.69 mg. 

Gross Description: {Right Lower): a reddish brown, slightly flat- 
tened, smooth surfaced soft mass weighing 0.13 gm. and measuring 
8 by 6 by 3 mm. 

{Right Upper) : A small biopsy i mm. in diameter. 

{Left A multilobulated, reddish to yellowish brown, irregu- 

larly shaped, smooth surfaced mass weighing 2.18 gm. and measur- 
ing approximately 3 by 1.7 by 0.8 cm. The largest lobule measures 
3 by I by 0.8 cm. and is more yellow than the rest of the specimen. 

{Left Lower): A deep reddish brown, ovoid soft mass weighing 0.16 
gm. and measuring i.i by 0.6 by 0.3 cm. The cut surfaces of all the 
specimens are homogeneously reddish brown. 

Microscopic Examination: The cells are all of the large wasser- 
heUe type, arranged in gland formation and showing the typical 
pattern seen in Cases 15, 16 and 17. 

Case 25 (34-4318). Clinical History: W. P., a male, 39 years of age, began in 
August, 1934, to have attacks of sharp pain in the right flank. The pain occurred 
suddenly at any time of the day or night and lasted 2 to 3 minutes. On October 
ist he was awakened at night by an attack which persisted for several hours and 
which was finally reh'eved by morphia. During a 3 day period of observation at a 
local hospital he had three more similar attacks, all requiring morphia for relief. 
On Oct. 4, r934, he was admitted to the Massachusetts General Hospital where 
a stone, demonstrated by a pyelogram, w^as removed from the right ureter. 
X-rays of the skeleton were negative. The serum calcium was i3.9r mg. per 100 
cc., senun phosphorus 2.96, and phosphatase 3.67 units. At operation on Octo- 
ber 27 th the right upper parathjToid was found enlarged. A rush frozen section 
of a biopsy of this gland showed large wasserhelle cells typical of hyperplasia.* 
With this information the surgeon continued his search for the other glands and 
exposed all four. Both uppers were markedly enlarged and were resected. The 
lowers were much smaller. One of them was completely removed and three- 
quarters of the other was resected. On October 29th the serum calcium was 9.43 
mg. per cent, serum phosphorus 1.34. There were no signs of tetany. The patient 
was discharged on Nov. 5, 1934. 

Gross Description: {Right Upper): An irregular, slightly lobulated 
tumor weighing 4.96 gm. and measuring approximately 3.7 by 2 by 

* In order to bring out the marked vacuolization of these v/asserhelle cells it is ad- 
visable before freezing to fix the tissue by heating it to the boiling point in 10 per cent 
formalin. 
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I cm. At one pole there is a long pseudopod-like projection 5 mm in 
length and 3 mm. in diameter. 

{Left Upper): Weighs 1.63 gm. and measures 1.7 by 1.7 by 0.6 cm. 
with a pseudopod-like tab 5 mm. in diameter. 

{Left Lower): Weighs o.ii gm. and measures roughly 4 mm. in 
diameter. 

{Right Lower): Two small pieces weighing o.io gm. 

The surfaces of all the specimens are smooth and reddish to yel- 
lowish brown. The cut surfaces are homogeneously pink to yellowish 
gray, moist and translucent. 

Microscopic Examination: The microscopic picture of all sections 
is identical with Cases 15, 16, 17 and 23. A piece of thyroid removed 
at operation was histologically normal. 


Summary of Cases 15, 16, ly, 2$ and 25 {Wassershelle, Generalized) 

The similarity of these 5 cases is at once apparent from an exami- 
nation of the sections. The uniform, unusually large clear cells, the 
tendency to acinar arrangement and the basal orientation of the 
nuclei present a uniformity of appearance that is entirely lacking in 
the group of localized tumors to be described below. It differs also 
from the h3^erplasia produced experimentally in rabbits by the in- 
jection of an extract of the anterior pituitary. In these experiments 
Hertz and Kranes found enlarged chief cells with comparatively 
slight vacuolization and numerous mitoses. 

The similarity to the clear cell renal adenocarcinoma is striking 
and in fact, as already reported in the text, has misled previous ob- 
servers;®^ 

In Cases 17, 23 and 25, histological specimens were obtained 
from all four glands and diffuse involvement of all the parathyroid 
tissue proved beyond doubt. In Case 15 only three glands could 
be demonstrated in two extremely thorough operative dissections. In 
Case 16 only two enlarged glands were demonstrated, but no search 
was made for the other glands at the time of operation and the pa- 
tient has not returned to the clinic. However, the histological simi- 
larity to the other cases makes us feel that it should be classified 
with this group. 
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Case 23A* (7119). Clinical History: R. N., a female, 25 years of age, entered 
the Maine General Hospital in April, 1933, complaining of weakness and fatigue. 
She had had polyuria and polydipsia aU her life, with no recent change. Her teeth 
had all been loose for 7 years. She had had pain, weakness and numbness of the 
legs for the past 8 months. Examination showed a small mass 8 by 4 mm. in the 
middle of the right neck. The blood pressure was 158/78. Examination of the 
urine showed a fixed specific gravity around 1.005, 40-60 rag, of albumin, and 
10-20 white blood cells. Examination of the blood showed a red cell count of 
1,980,000, with a hemoglobin of 35 per cent. The white blood cell count was nor- 
mal. The non-protein nitrogen of the blood was 150 mg. On her second admis- 
sion in September, 1933, the laboratory examinations were about the same. 
X-rays of the skull, ribs and hands showed definite cysts, as well as calcification 
of the arteries and subcutaneous tissues. The serum calcium was 8 mg., serum 
phosphorus 9 mg. Although these blood studies appear paradoxical, they may 
be explained according to Albright by the marked renal damage. The phosphate 
retention secondarily causes a diminution in blood calcium. The patient died 
Nov. 6, 1933. Postmortem examination showed in addition to the parathyroid 
enlargement a marked chronic pyelonephritis and osteitis fibrosa. A clinical 
diagnosis of renal rickets could not be ruled out. 

Gross Description: All the parath3T:oid glands except the right 
lower are enlarged. The left lower is ovoid in shape and measures 
9 by 7 by 3 mm. The left upper is the largest and measures 17 by 8 
by 5 mm. It contains on its posterior surface a circular nodular ele- 
vation 3 mm, in diameter. The right upper measures 10 by 8 by 4 
mm. The glands are smooth surfaced, and in spite of having been 
previously fixed in formalin stUl retain a shght yellowish brown tint. 

Microscopic Examination: All the glands, including the normal 
sized one, show essentially the same process in varying degrees, the 
most marked changes being in the largest gland. The capsules are 
thin and not remarkable. The predominating cell is the chief cell, 
which is normal in size, averaging 8 microns in diameter. The cell 
outline is poorly visualized. The nucleus is round, deeply pyknotic 
and hyperchromatic, sharply buthned, measures 5-6 microns in 
diameter, and fills more than two-thirds of the cell volume. The 
cytoplasm is acidophilic and coarsely granular. The cells themselves 
are, therefore, not h3rpertrophied. 

The arrangement of the cells presents the most significant picture, 

* In addition to the 24 surgical cases included in this study, we have had the oppor- 
tunity to study the parathyroid glands removed at autopsy from a case at the Maine 
General Hospital. The findings are quite different from any of our own cases. The 
authors wish to thank Drs. John Hamel and Mortimer Warren for permission to report 
the pathology of this case. 

In order not to break the series of cases from the Massachusetts General Hospital, 
this case is numbered 23A instead of 24. 
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Small groups of these cells, 10-20 in number, are surrounded by a 
thin connective tissue band often containing a very small capillary. 
The nuclei tend to be located at the bases of the cells and produce a 
definite pseudoglandular arrangement, although there is no lumen. 
Each group appears to be shrunken away from its connective tissue 
band, leaving a clear space about 6-9 microns in width. In many 
places, especially in the larger glands, acinar arrangement is much 
more marked, forming well circumscribed, papillary foci measuring 
up to 0.8 mm. in diameter (Figs. 12 and 13). These resemble closely 
the basophilism frequently observed in the pituitary. There is very 
httle inter- or intracellular fat tissue. 

Scattered throughout all sections, but more marked in the larger 
glands, are groups of t5q)ical, normal sized, pale oxyphil cells ar- 
ranged in the same formation as the chief cells, even including the 
papillary form. There are no wasserhelle cells. 


Summary of Case 23A {Hyperplasia, Chief Cell Type) 

This patient showed three enlarged and one normal sized para- 
thyroid gland all made up of normal sized chief and pale oxyphil 
cells arranged in pseudoglandular and papillary formations. There 
is very little fat tissue and no wasserhelle cells. 

Group B: Neoplasia 

Case 6 ® (32-3985). Clinical History: C. M., a male, 35 years of 

age. The clinical history of Captain hlartel has appeared so often in the litera- 
ture that no attempt will be made to repeat it. The diagnosis made by Dr. 
Eugene DuBois in 1926 was the first clinical recognition of hyperparath}Toidism 
in this country, and probably the second in the world. The cooperative atti- 
tude of the Captain made possible a series of metabolic studies that are un- 
paralleled and have contributed enormously to our knowledge of the disease. 

Operation was performed first by Dr. E. P. Richardson in 1926, and two nor- 
mal parathyroid bodies were removed. An article describing the case has been 
widely misquoted as recording improvement following this operation, but any 
such tendency was temporary and may more fairly be attributed to the high 
calcium diet. As the disease progressed the renal damage became more marked 
and stohes formed in the kidney pelves. The serum calcium averaged 15 mg., 
phosphorus 2.3 mg. At the seventh operation, by splitting the sternum a para- 
thyroid tumor was found in the anterior mediastinmn. Subtotal resection was 
performed. Severe tetany supervened, which was controlled with difficulty, ow- 
ing to acidosis attributable to the renal damage. Six weeks after the removal of 
the parathyroid tumor a stone was passed into the left ureter, causing complete 
obstruction. With the patient in a dangerous balance between tetany and aci- 
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dosis and in the face of a markedly diminished renal function, a left uretero- 
lithotomy was undertaken. Death occurred 26 hours later. Postmortem exami- 
nation. showed well marked osteitis fibrosa cystica with early evidence of heal- 
ing, and marked renal calcinosis. 

Gross Description: A smooth, round, hard nodule 2.5 cm. in diam- 
eter. On cutting through the nodule it is seen to have a calcified 
shell 1-2 mm. in thickness, the rest of the tumor being made up of 
soft, shiny, brownish material. The tumor has a soft fibrous pedicle. 

Microscopic Examination: The tumor is made up of only one type 
of cell, the chief cell (Fig. 17), which measures about 8-11 microns 
and has a poorly demarcated, pinkish, polyhedral cell outline. The 
nucleus is large, filling about one-half of the cell body, is round, 
sharply demarcated, and contains a variable amount of chromatin. 
Many of the nuclei, especially of the smaller cells, are deeply baso- 
philic and almost pyknotic. The cytoplasm is light pink, coarsely 
granular and in many places reticular. A large proportion of the cells 
has a vacuolated halo around the nucleus and in a few the vacuola- 
tion extends to the periphery. An occasional cell is multinucleated; 
there are no mitoses. The cells contain no fat. There are no typical 
wasserhelle or pale oxyphil cells and only an occasional dark oxyphil 
cell. 

The cells are arranged in compact masses, columns, and in pseudo- 
glands, though one section shows a few definite adni lined with chief 
cells and filled with pink-staining, homogeneous material. The ves- 
sels of the intervening stroma are more nmnerous, much larger and 
much more congested than those in the normal parathyroid. Scat- 
tered throughout the stroma are variable sized spaces without de- 
monstrable lining measuring up to i mm. in diameter. Many of these 
are empty, but others contain colloid-like, pink-staining material or 
red blood cells, and occasionally a desquamated parathyroid cell. 
There are also small colloid droplets throughout the stroma. 

Case 7 (32-4132). Clinical Eislory: M. R., a female, 36 years of age. In 1929 
the patient developed dull pain in her arms and legs, hi 1931, at another hospi- 
tal where her bones were found to be decalcified and filled with cysts, a diagnosis 
of osteitis fibrosa cystica was made. Serum calcium was 14.1 mg., phosphorus 
2.9 mg. On Oct. 19, 1931, a tumor, supposedly of parathyroid origin, was excised, 
but microscopic examination revealed thyroid tissue. A biopsy of the mandible, 
6 months later, showed osteitis fibrosa cystica. On May 6, 1932, a right hemi- 
th3Toidectomy was done and a tumor at the left lower pole was removed. Micro- 
scopic examination revealed thyroid and thymic tissue. In November, 1932, she 
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entered the Massachusetts General Hospital for the first time. The serum cal- 
cium was 1 2 mg., phosphorus 1.74 mg., phosphatase 16.9 units. X-ray confirmed 
marked decalcification and multiple fractures in the pubic bones. She had pa- 
ralysis of the right vocal cord. On Nov. 15, 1932, after fruitless exploration of the 
neck, a tumor was found in the anterior mediastinum beneath the costal carti- 
lage of the second rib at the border of the sternum. A subtotal resection was 
done. During convalescence the patient developed definite tetany, associated 
with a fall in serum calcium. On Nov. 29, 1932, the serum calcium was 5.16 mg., 
phosphorus 3.29 mg. When last seen, on May 17, 1934, the bones showed great 
improvement. The serum calcium was 8.39 mg., phosphorus 3.03 mg. The phos- 
phatase was 5.08 units. 

Gross Description: A peduncidated, brownish, lobulated, firm en- 
capsulated tumor measuring 2.5 by 3 by i cm. The cut surface is 
brown and shows many firm lobules var3dng in size from 3-6 mm. in 
diameter. 

Microscopic Examination: About the same as in the preceding 
case. Palisading of cells is very prominent. In many places the 
columns are so winding and the intervening vascular stroma so abun- 
dant that there is almost a papillary arrangement. Scattered 
throughout the stroma are numerous large mast cells. 

Case 9 (33-1226). Clinical History: J. R. C., a male, 33 years of age. In 1931 
the patient gradually developed weakness, loss of weight, nocturia and pains in 
the legs noticeable when walking. In 1932 the pain in the legs was almost con- 
stant when upright. He became much weaker, lost 30 pounds in weight, and by 
January, 1933, was unable to work. A diagnosis of hyperparathyroidism was 
made at the Boston Dispensary, where X-rays were taken of his bones and calci- 
fication of the kidneys observed. A history of mild polyuria and polydipsia was 
elicited. In March, 1933, he entered the Massachusetts General Hospital, where 
X-rays showed marked generalized decalcification of the skeleton with cyst for- 
mation. There was a markedly depressed renal function, a low urine specific 
gravity and a secondary anemia. The serum calcium was 16.9 mg., serum phos- 
phorus 3.02 mg. On April 4, 1933, at operation a tumor lateral and posterior to 
the lower portion of the left lobe of the thyroid was resected. The dissection was 
limited to the left side of the neck. Convalescence was characterized by pro- 
longed and severe tetany. When last seen, on July 24, 1933, steady improvement 
in appetite and strength was noted. He had gained 30 pounds in weight, had 
much less pain on walking and less noctiuia. The anemia had improved moder- 
ately although the renal function was the same. Calciiun and phosphorus values 
were normal, but phosphatase was slightly elevated. X-rays showed no change 
in skeleton or kidneys. 

Gross Description: An ovoid, yellowish pink, soft, encapsulated 
mass measuring 4 by 2.2 by 2 cm. and weighing 7 gm. The cut sur- 
face is soft, friable, mushy and yellowish gray. 

Microscopic Examination: The capsule is slightly thick, in places 
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measuring almost i mm. It is composed of fibrous connective tissue 
with only a few cellular areas- One of these areas is close to the inner 
surface of the capsule and contains lymphocytes, red cells and de- 
posits of hemosiderin. 

The cells in this case are larger than those of the preceding 2 cases, 
measuring ii to 14 microns in diameter. The nuclei measure 8-10 
microns and are hyperchromatic, but no definite multinucleated 
cells or mitotic figures are seen. 

Summary of Cases 6 , 7 and g (Chief Cell Type Alone) 

These 3 cases are all composed of large, hyperchromatic chief cells 
arranged in pseudoglandular and columnar formation (Fig. 17). 
Cases 7 and 9 show well marked palisading. Neither the cells nor the 
stroma, which is vascular, contain any fat. There are no wasserhelle 
or pale ox)rphil cells, and only an occasional dark oxyphil cell. Mul- 
tinucleated cells are rare and no mitoses can be found. 

Case i (30-3056). Clinical History: M. J. S., a female, 46 years of age. In 
1916, following a miscarriage, the patient noted a swelling in the right side of her 
neck. Between 1928 and 1930 she developed pain successively in the right arm, 
right thigh, left thigh and right forearm. A biopsy of the right ulna at the Wor- 
cester Memorial Hospital showed a giant cell txunor, for which she was given 
X-ray therapy. Numbness and pain in the legs increased. She entered the Mas- 
sachusetts General Hospital where X-rays showed generalized osteitis fibrosa 
cystica. A secondary anemia was present. Serum calcium was 13.68 mg., phos- 
phorus 2.58 mg. At operation a tumor was seen pushing the right lobe of the 
th)T:oid forward. Hemithyroidectomy with total resection of the tumor was per- 
formed. After 2 months the pains had diminished and appetite, strength and 
gait had improved, though anemia was still present. Calcium and phosphorus 
levels were normal. By the 8th postoperative month she had gained 40 pounds, 
all skeletal pain had ceased and constipation had disappeared. Her strength 
was better than since 1916. X-rays showed slight but definite improvement in 
the bones. Two and a half years later she felt vei>’^ well except for occasional 
backache. The cysts remained unchanged by X-ray. The serum calcium was 
9.38 mg., phosphorus 3. 41 mg., phosphatase 2.58 units. 

Gross Description: A light brown, ovoid, moderately firm, encap- 
sulated mass, measuring 6.5 by 5 by 3.5 cm., and weighing 53.2 gm. 
The cut surface is homogeneously pale, glistening and yellow brown. 

Microscopic Examinalion: The major portion of all sections is 
made up of closely packed cells arranged in pseudoglandular, cord or 
strand-like columnar formations. The pseudoglandular areas are 
composed of irregular, rounded groups of cells, from five to fifty in 
each group. The columnar areas are usually two or three cells in 
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width, but are comparatively few in number as compared with the 
pseudo-alveolar. 

The predominant cell is polyhedral in shape and varies in size from 
5 to 20 microns (Fig. 18). Its cell outline is offen indistinct, but in 
many places can be made out as a thin, slightly irregular pink line. 
The smaller cells have round and light staining nuclei; the larger, 
some of which are almost 20 microns in diameter, have large, irregu- 
lar, and more hyperchromatic nuclei, sometimes reaching the size of 
four to six ordinary nuclei. Chromatin is abundant and usually a 
nucleolus can dej&nitely be made out. For the most part the cyto- 
plasm immediately surrounding the nucleus is absent, producing a 
halo from the periphery of which pinkish granules extend to the cell 
margins, though a fair proportion of the ceUs have a pink, finely 
granular cytoplasm which completely fills them. A smaU proportion 
of these cells has one or two smaU fat granules in its cytoplasm, but 
the majority of them contain no fat. Multinucleated ceUs are fairly 
numerous; some contain as many as seven nuclei. Although no mi- 
toses are seen, the atypicality of the nuclei, as evidenced by the vari- 
ation in their hyperchromatism and the frequency of multinucleated 
cells, strongly suggests a neoplastic rather than a hyperplastic 
process. 

Single, dark ox3q)liil ceUs are present in small numbers. They are 
of normal size, about 8-10 microns in diameter, with a dark, deeply 
basophilic irregular nucleus surrounded by a deeply eosinophilic, 
finely granular cytoplasm. The nuclei are either small, about one- 
fifth the cell volume, or large, about three-fourths of the ceU volume. 
These cells lie for the most part close to the interstitial stroma and 
are not found in groups. No wasserheUe cells are seen. 

The stroma is composed of thin fibrous strands which pass around 
groups of cells, producing pseudo-alveoli or columns. A small pro- 
portion of the stroma is acellular, but most of it contains thin-walled 
capillaries lined by typical endothelial cells. In some areas larger 
vessels partially filled with blood are seen. There are practically no 
fat cells in the stroma. 

Scattered throughout the tumor are irregularly shaped spaces 
varying in size from 50 to 200 microns. They have a connective 
tissue fining, are surrounded by masses of chief cells, and contain for 
the most part pink-staining, granular debris, occasionally a few red 
blood cells, but no colloid. Besides these there are also much larger, 



i8 


CASTLEMAN AND MALLORY 


irregular confluent spaces without any definite lining, which also con- 
tain pink-staining granular debris. These appear to be areas of lo- 
calized edema of the stroma. 

Case ii (33-2429 and 33-4429). Clinical History: M, T., a female, 53 years 
of age. From 1920 to 1923 sbe had pain in the legs and disturbance in gait. In 
1929 an operation was performed on a giant cell tumor of the upper jaw. Later a 
second tumor in the nose was curetted. In 1930 she fractured the left forearm 
and left tibia by tripping on a rug. Abdominal pain led to an operation for re- 
placement of the uterus. The severe pains in the legs continued and in 1931 a 
cystic tumor of the right tibia, discovered by X-ray, was curetted, but she re- 
mained completely invalided except for limited activity with crutches. In 1933 
severe pain in the legs and lower back was associated with a spontaneous fracture 
of the neck of the right femur and a diagnosis of osteitis fibrosa cystica w'as made 
at the Cambridge City Hospital. She was transferred to the Huntington Hos- 
pital where the diagnosis was confirmed by Dr. J. C. Aub. X-rays showed ex- 
tensive decalcification and cyst formation of the entire skeleton and calcium 
deposits in the kidney parenchyma. Her condition seemed critical, with respira- 
tory distress, nausea and vomiting. The serum calcium was 13.7 mg., serum 
phosphorus 2.4 mg., the phosphatase elevated. Renal function was diminished. 
At operation at the Massachusetts General Hospital on June 24, 1933, a subtotal 
resection of parathyroid tumor found behind the left upper pole was performed. 
Approximately i gm. of parathyroid tissue was left. A nodukr goiter was noted. 
A mild tetany developed, the calcnum falling as low as 7.4 mg. A second fracture 
of the femur occurred when the traction apparatus was changed. In September, 
1933, she was comfortable but the bones showed no evidence of increased density 
and the fractures failed to develop caUus. The extreme decalcification of the 
skeleton was treated with a high calcium diet, vitamin C, viosterol and calcium 
glycerophosphate. The serum calcium rose to 11.53, the phosphorus was 3 mg. 
On Nov. 15, 1933, a second operation w'as done, with exdsion of the remainder of 
the parath3T:oid tumor. One v/eek later the calcium was 8.47 mg., the phos- 
phorus 3.12 mg. When last seen, on March 17, 1934, locomotion v/as much im- 
proved, and the fracture seemed solid. 

Gross Description: A partially encapsulated, smooth brown nodule 
measuring 3 by 2 by i cm. and weighing 3.85 gm. Many vesicles are 
present on the surface. On section the center of the tumor is fotmd to 
be composed of a calcified area roughly 5 mm . in diameter. The 
tumor tissue is homogeneously brown and firm. 

A second piece of similar tissue measuring 2.1 by i.i by 0.8 cm. 
and weighing 1.2 gm. is also present. 

Microscopic Examination: The capsule is moderately thickened 
and composed predominantly of acellular fibrous connective tissue. 
In a few areas there are some connective tissue cells and clumps of 
lymphocytes. The subcapsular vessels are markedly distended and 
congested. 
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This tumor contains three types of cells. The one that makes up 
the bulk of the tumor is the enlarged chief cell, similar to that seen in 
the group just described (Cases 6, 7 and 9). In sharp contrast to 
these cells there are intermingled with them large numbers of cells 
apparently in the same class as the chief cell, but tremendously en- 
larged, much more h3rperchromatic, and similar to the giant type of 
cell described in the previous case. Under low power each field ap- 
pears to be irregularly studded with them. These cells lie side by side 
and make up about one-third of the whole mass. They vary greatly 
in size, the smaller ones averaging 14-17 microns in diameter, the 
larger about 20 microns; many reach as high as 30 microns (Fig. 18). 

The third type of cell in this specimen is similar to the slightly 
enlarged chief ceU, except that its cytoplasm is homogeneously much 
more eosinophilic. These cells are arranged in large clumps and 
located only at the periphery. They are not the characteristic pale 
oxyphil cells but are merely a slight variation from the normal chief 
cell. No true pale oxyphil cells are seen. 

The whole tumor has a well marked pseudoglandular arrange- 
ment. Although most of this formation is produced by columns and 
masses of cells surrounding and bordering capillaries and larger blood 
vessels, a large proportion is formed around unclassifiable spaces, 
many of which are filled with granular, blue-staining debris. In 
many places the cells bordering these spaces or blood vessels show 
definite palisading. Here the nuclei are located at the pole of the cell, 
away from the apparent glandular lumen. In places where only a 
single layer of cells surrounds a small capillary the nuclei are also at 
the pole of the ceU, more distant from the capillary lumen. AU types 
of cells share in this arrangement, although there is a tendency for 
the smaller ones to border the pseudogland or space. 

The stroma consists of scanty strands of fibrous connective tissue, 
a small amount of fat, and vessels which are increased in number but 
not remarkably congested. No colloid is seen. 

The remainder of the tumor (33-4429), removed at the second 
operation, is an irregular, orange-gray piece of tissue measuring 6 by 
4 by 3 mm. Microscopically it is similar to the specimen removed at 
the subtotal resection. There is a large amount of scar tissue con- 
taining many foreign body giant cells distributed aroxmd and 
throughout the specimen, undoubtedly due to the trauma of the pre- 
vious operation. The same three t3rpes of cells are found. The only 
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po?s!l)lc diflcrence between tlie two spedmens is the relatively in- 
creased vcsiciilation of the chief cells. The latter, however, have not 
reached the stage in which Oiey can be called true wasserhelle cells. 

An intcrc.sting incidental finding W’as the removal of a small piece 
of pinkish gray tissue measuring 1.5 by 0.7 by 0.4 cm., containing a 
small cy.st-like structure 4-5 cm. in diameter. At operation this 
specimen, v.-hich vras in the same field, was believ^ed to be para- 
thyroid. Microscopically it is a papillary cystadenoma, possibly car- 
cinoma, probably arising in aberrant thyroid tissue. 


Sumn'.nry of Cases j and 11 {Chief Cell Type u'ilh Giant Forms) 

The 2 cases in this group arc similar to those in the first group 
fFig. iS). 'J'hcy liavc in addition large numbers of giant forms of e.\- 
ccptionally lis-perchromatic chief cells measuring up to 30 microns in 
diameter, many of which arc multinuclcatcd. There arc no wasser- 
helle or pale o-vcyphil cells. 'J'hc histological picture is strong pre- 
sumptive evidence for a neoplastic condition. 


(hwn y 304). Clirdcfil History: C. S.. a female, 15 years of age. In io?S 
n'V''iL'ria v.ith cnijrc.d;; and fvilyiiria developed. She had always drunk large 
atrr.',;r;5'. of v a!«:r. 'l hat ‘.-une year she fractured the right forearm in two places 
h'l'-iV. i?ig .-‘n iniurv of eon:-iderriblc violence. In io.-;o a !imj), at first attributed to 
i’.thrrt ard.'-- . wr.'. loliowed in 6 months by ih.t ai>jK'anince of a deformity of the 
k;! hr.r/,' 

Jf/-, S 

V err f : a 


ThiA Ivd tn she removal vi a evAt from Ihc lov/cr cn^i of the femur, and 
’ drforrnEf y of the rh:hl knee dcvcloiK'd* In March, 1032, X-rays 


1 V 


■C’' '‘'f. 


T;d vertchn-rc taher. ,at the Massachusetts General Ifo.'pita! 
"'C'rt-ri'tiC of hyfHrjcrathyrv'ifiiirn. .Mmost complete dcGilcification of 
> , r.:r">*a;ng renal ritke!?, was intcrjircted as failure of calcification 

;;r -Vr.im cai- iem wr-f, s:.$ mg., {diosjihorus .py rng., plios- 

r.; ‘la.'v ):y 'im'P tkinafy c.alciurn excretion was within normal Jimil.s, 
; ;r; rrw-cd lkr;d function w.as j:rr.ativ reduced and noa-nrolcin 
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Microscopic Exavmiatio 7 i: The capsule of the tumor is composed of 
thick fibrous collagenous connective tissue approximately 45 microns 
in thickness. Just beneath the capsule is a layer six to eight cells 
deep of normal parathyroid chief cells. 

The predominant cell is an enlarged transition wasserheUe cell 
(Fig. 19). It varies from 10 to 15 microns in diameter, smaller than 
the typical wasserhelle cell and has a fairly sharply outlined cell 
membrane. The shape is for the most part polyhedral, although the 
cells are so closely packed that almost any kind of shape can be 
found. The nuclei are eccentrically placed, are large, 6-10 microns 
in diameter, round, with a sharp basophilic outhne and fiUed with a 
large amount of chromatin. Most of the nuclei contain one large, 
deeply stained, eccentric nucleolus located close to the limiting mem- 
branes. In several there are as many as three definite nucleoli. The 
cytoplasm is almost completely vacuolated except for some pinkish, 
finely granular threads on the inner surface of the ceU membrane. 
Fat granules are present in all the parenchymal cells. 

Irregularly scattered through the section are focal groups of cells 
sirnilar to, but distinguishable from, the predominant t5T)e. One of 
these foci, an area 1.5 mm. in diameter, consists of cells with a cyto- 
plasm which is much clearer, cell outlines sharper, and nuclei slightly 
smaller and more basophilic. The cells in this area might easily be 
regarded as true water-clear cells. The other focal areas are similar 
to each other and consist of ceils resembling the predominant cell, 
except that the cytoplasm is stained uniformly light pink. There are 
several of these groups throughout each section, averaging 0.1-0.15 
mm. in size. 

A few dark oxyphil cells are scattered singly through the rim of 
normal tissue and among the vacuolated cells nearby. No oxyphil 
ceUs are apparent in the central portion of the tumor. There are a 
few, very small, colloid-filled vacuoles among the cells just beneath 
the capsule, but none among the vacuolated cells. 

The cells are arranged in pseudoglandular formation, groups of 
approximately five to twenty-five being closely packed and sur- 
rounded by fine connective tissue strands, some of which contain 
small capillaries. None of these groups of cells shows demonstrable 
liunina, so that they cannot be called true alveoh. Many of the 
smaller groups have a single celled layer arranged radially, suggest- 
ing rosette formation. The stroma is scant, although there is one 
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area in vrhicli a collection of large fat cells similar to those in the 
normal parathyroid is seen. 

Case 22 (34-2649). CVwlcnl History: H. C. B,, a female, 26 years of age, had 
an altadt of left renal colic accompanied by hematuria in June, 1933, followed in 
tlic course of a year by three or four similar attacks. There were no other symp- 
toms. She entered the Massachusetts General Hospital in June, 1934, where a 
left ureterolithotomy was performed. The serum calcium was 12 mg., scrum 
phosphorus 2.63 mg. X-rays of the skeleton were negative. The urine showed a 
slight trace of albumin and many calcium phosphate casts. A renal function test 
showed 33 per cent excretion. On July 6, 1934, at operation tlic right lower para- 
thyroid gland w.as found enlarged and was removed. frozen section showed a 
tumor of the duef cell Utk;. One normal gland was seen in the left upper region. 
Because of the frozen section diagnosis and the finding of one normal gland, a 
more extensive exploration was not done. When the patient was discharged the 
calrium was 10,06 mg., the phosphorus 3.64 mg. 

Gross Descriplion: An encapsulated, smooth surfaced, orange- 
brown soft mas.s weighing 0,16 gm. and measuring 1 by 0.7 by 
0.4 cm. 

Microscopic Jixnminalioft: Around more than one- half of the 
tumor is a small rim of normal parathyroid tissue. The capsule of the 
tumor is composed of thick acellular connective ti.ssue measuring ap- 
pro.xirnatcly 0.5 mm, in thickness. The cells are all of the same type, 
transitional wasserhcllc cells, similar to those seen in Case 3. They 
average 15 -eo micron.s in diameter vrith nuclei 10-15 microns in di- 
ameter, Many of the cells arc much larger and contain as many as 
seven inidei. There arc occa.cional small intracellular fat granules, 
(ilyrt^gen i.s present in all the cells but mtich more marked in the cells 
in tlic rira of nonnal lissAie. 


? {s: ClivAa'A History: .A. R., a fc.malc, 44 years of age, devcl- 

p'rin la tic- nh'hl h.ip in 103J. K-rays at the Ifuntiriglon Hospital in March, 
io', Aror tA no cxlcreive destnictive proct-.--- in the right iliuni. 'Fncre was no 
ration of she skeleton. 'I’he rcrum caldum v,-a;i 14 mg., the 
men s.c mg, A dhgnoA- of ItyjK-Tparnthyroiflirm v.-a« made by Dr. 

J , C. .\Au and trmtrrwnt. v, jtls high onlduni diet fjrofl-ice.'l improvement of symp- 
o X-r.'-v- t.--lr,n at t’-.e Mro ■■.'.?:]!!! -ettr- (jeneral Ho-pltal in Novemljer, 10,32, 
i I (■/ r.'.refr'.ction astd a.rca*^ of increa-ed density were rcen in 

i ii.nn, :-r ;■ r right kfdr.'-y f'-vlv;-':. On Sow 30, to;,2, a tumor 

Ji ir-f h„-r the liwi ra i,f3 the right .s-d'- jrt -terior to the thyroid w.m; txdvA.. 
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Microscopic Examination: The capsule is thin, measuring ap- 
proximately 30-35 microns, and is composed of acellular fibrous con- 
nective tissue. Except for a few places, the immediate subcapsular 
area is made up of enlarged chief cells, measuring 11—15 microns in 
diameter. These are usually several layers deep but in some places 
only a thin rim one to three cells deep. 

The arrangement of these cells is variable; some are arranged in 
small compact masses, some in double or triple rows with a sKght 
tendency to palisading, and others in definite alveolar formation. 
The connective tissue stroma is very vascular and the capillaries and 
vessels are congested with pol)rmorphonuclears and red ceUs. 

Toward the central portion of the tumor the cells become more 
vacuolated, almost reaching the stage of true wasserhelle cells. These 
transition wasserhelle cells comprise about one-fourth of the total 
volume. 

The most striking feature of this case is the predominance of the 
ox)7phil cells. They are scattered throughout the whole tumor but 
are more conspicuous near the periphery, occurring for the most part 
in large groups, although single and small groups of cells are seen 
everywhere. One group is consistent with the pale oxyphil cell. The 
other type of eosinophilic cell is more often single, larger, measuring 
17-20 microns, polyhedral in shape, has a moderately clear outline 
and is more deeply stained. The nucleus is small, round, sharply de- 
marcated, hyperchromatic, eccentrically placed and measures about 
6-7 microns in diameter. The cytoplasm is deep pinkish red and 
filled with tiny darker red granules. These cells are similar to those 
found in the normal parathyroid gland — typical dark oxyphil cells 
— except that they are much larger. No mitoses are seen. 

The stroma, which contains occasional mast cells, is composed of 
moderately cellular, highly vascular connective tissue, but very little 
fat. There are occasional collections of lymphocytes and also small, 
unidentified, pink-staining, granular ovoid masses which do not 
simulate colloid. 

Case 12 (33-3876). Clinical History: Y. D., a female, 51 years of age. In 
1925 a left nephrectomy for calculi was performed. She continued to pass gravel 
intermittently for a number of years. In 1930 a stone was removed from the 
pelvis of the right kidney. X-ray i year later showed a duodenal ulcer. In June, 
i933> X-ray showed a stone in the right kidney. The serum calcium was 11.78 
mg., phosphorus 4.35 mg., phosphatase normal. A right nephrotomy was per- 
formed but she continued to have colicky abdominal pains. A stone was present 
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in the lov;cr ureter when she v;as seen 2 months later. There were no hone symp- 
toms. On Oct. 7, 1953, a small parath\Toid tumor located just below the sternal 
notdi vras removed. A large thyroid adenoma palpated prcoperatively was also 
removed. She developed moderate tetany when the scrum calcium dropped on 
the second postoperative day to 9.03 mg. WTicn last seen, in 1934, the scrum cal- 
cium was 9.SS mg., phosphorus 3.01 mg. and she felt well. 


Gross Dcscripliou: A small, encapsulated, ovoid mass measuring 
1 by 0.4 by 0,2 cm. The surface is pinkish gray and coarsely granu- 
lar. The cut surface is homogeneously purplish red. 

Microscopic Examimlion: The capsule is very thin and in places 
not evident. Scattered throughout are large areas of fresh hemor- 
rhage apparently due to operative trauma. At one comer of the sec- 
tion there is a small semilunar-shaped rim of normal parathyroid 
chief cells. The remainder of the section is made up of the tumor. 

The cells comprising the tumor arc of two types, the transition 
chief cell and the wasscrhelle cell. The former makes up most of the 
specimen and shows all gradations from the chief to the wasscrhelle 
cell. The cytoplasm of most of the cells, however, is not so clear as 
that of the cells of the prerious 2 cases (Cases 3 and 22). The true 
wnsserhelle cells, many of which contain no demonstrable nucleus, 
are compactly grouped in circumscribed islands and are much larger 
Ilian the transition wasserhellc cells. The tumor resembles certain 
portions of (kisc S, in which foci of wasscrhelle cells are prominent, 
but is more similar to Case 3. 


i'Ayi. I ' 133-.'0:K). Ciif.if'i! History: M, K., a male, 52 years of age, bad an 
of renal colic with ‘light bcmriUiria in 1923. Similar altadns recurred in 
io;'7 I'.’.v.l if/S’i. and in April, 1033, he developed left costovertebral pain with 
chili , and. fever. O.-.e month I.itcr a left ureterolithotomy wa.s done. The scrum 
fulrinm z r, m.g,. phev-phorus 2,S.< mg. X-rays in November, 1033. .showed 
dino'c decnldhr-ition vithoul cyst formation and sm.all indefinite areas 

of rn!>";f;.'.*,!i''vn in the Iowi't }■><:>!';'. of botli {;Mneys which were not present in May, 
zoyt. On .N'liV. .'o, zsyp., a p. a ra thyroid tumor was removed from Izchind the 
right I Ac of thv ti'.yrnid |u;.l alcove the inferior thyroid artery. When hast seen, 
!jr» . ..w logs, the r.T.jrn caldum was 10.31 mg-, phosphorus 2.54 rng. 
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slightly viscid yellow fluid is withdrawn. The lower half of the tumor 
is solid reddish brown and smooth surfaced. The cut surface is 
brownish yellow and moist. 

Microscopic Examination: Just beneath the rather thin capsule in 
one area is a small semilunar rim of normal parathyroid tissue. The 
remainder of the specimen is composed of transition wasserhelle and 
true wasserhelle cells. The appearance is similar to Case 12, except 
that in this case the wasserhelle cells are more numerous than the 
transition cells. 

The large C3'’st and a few smaller cj^'sHc spaces are all lined by 
wasserhelle cells. Most of them are filled with granular debris; an 
occasional small one contains colloid. 

Summary of Cases j, 22, S, 12 and 14 (Transitioji Wasserhelle, Chief 

Cell Type) 

The cells in tliese 5 cases are predominantly of the transition was- 
serhelle ceU type — a stage between the chief and wasserhelle cell 
(Fig. 19). Cases 3, 8 and 22 are closer to the true wasserhelle ceU, 
while Cases 12 and 14 are closer to the chief ceU. Small fat granules 
are present in Cases 3, 8 and 22, but not in 12 and 14. The cells are 
all closely packed together and have no glandular arrangement. In 4 
of the cases there is a rim of normal parathyroid tissue surrounding 
the tumor. Oxyphil cells are absent in all cases except Case 8. The 
latter has in addition slightly enlarged chief cells arranged in pseudo- 
glandular formation. 

Case 10 (33-1943). Clinical History: M. S., a female, 54 years of age, devel- 
oped at the age of 15 years severe “backstrain,” which in light of subsequent 
events may have been a spontaneous fracture of a vertebra. Since then she had 
experienced frequency and incontinence of urine, culminating in 1932 in severe 
abdominal pain associated with increased disturbance of urination. There was 
loss of W'eight and appetite. Cystoscopy revealed a vesical calculus which was 
removed by cystotomy. Her renal function was poor. During convalescence 
routine blood studies showed that the serum calcium was 13.93 serum phos- 
phorus 2.98 mg., and phosphatase 3.4 units. The bones showed some decalcifica- 
tion by X-ray but no cystic areas. Relief from abdominal pain followed the oper- 
ation, but increasing pain in the thighs made worse by walking led to a second 
hospital entry for further study of the hyperparathyroidism. On May 24, i933) 
at operation a tumor lying adjacent to the left lower pole of the thyroid gland 
was removed. It was roughly twenty times larger than the normal inferior para- 
thyroid which was seen on the right side. There was no tetany and convalescence 
was tmeventful. On June 1, 1933, the serum calcium was 10.47 iQg-) serum 
phosphorus 3.85 mg. When last seen, on July 22, 1933, the patient had gained 
12 pounds since operation and stated that she had not felt so well for years. 
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Gross Description: A pear-shaped, flattened, slightly firm, orange, 
encapsulated and pedunculated tumor 3 by 1.7 by 0.8 cm. The 
pedicle measures i by i by 0.4 cm. On one surface is a raised nodular 
area 3 mm, in diameter. The cut surface is uniformly yellowish 
brown and moist. 

Microscopic Examination: The capsule is moderately thickened, 
measuring approximately 0.5 mm. It is composed of connective 
tissue strands between which are large numbers of congested vessels 
and many large fat cells. 

This tumor is composed predominantly of two t3rpes of cells, simi- 
lar to each other and both obviously related to the chief cell. There 
is, however, a definite dividing line between them. 

The first type comprises a comparatively small proportion of the 
tumor and simulates the wasserhelle cell. The cell is polyhedral in 
shape with a fairly sharp pink outline and measures 10-14 microns 
in diameter. The nucleus is round, usually eccentric, sharply out- 
lined, deeply basophilic, contains a moderate amount of chromatin 
and measures 7-9 microns in diameter. Except for a scanty, light 
pink, reticular cytoplasm, usually peripheral, most of the cell body 
is vacuolated, A few arc completely vacuolated, but in general they 
have not reached the stage of true wasserhelle cells. No mitotic 
figures or muUinuclcatcd cells are seen. A small number of fat drop- 
lets arc found in some of the cells. The stroma in this portion of the 
tumor is vascular. Tlie capillaries are markedly congested v/ith red 
cells and are so numerous tliat they often give the appearance of dif- 
fuse hemorrhage in between small groups or columns of cells. There 
an? also larger enfiothclial-lincd spaces, many of which arc filled with 
a blue-staining, granular debris. No colloid or ox>7)hil cells are seen 
in this area. 


'rhe other arul predominant part of the tumor is composed of 
slightly larger cell.s mea.suring up to 22 microns in diameter and aver- 
agin.g I? {Fig. 20). Although thc.se cells arc not so sharply outlined 
as the othern, many, nevcrthlcle.".';, have a sharj) pink cell border. 
'I'he nuclei, oftas multiple, arc rounder, shaqdy outlined, for the 
rno* part cenlr.illy located, dtaply has/ipliilic a,nd hyperchroma tic 
and ntcasure K -10 micron'- irs diameter. 'Fhe most striking difference 
le-tv-ern tlte t'.vo cell type--- is in the cytoplasni. which shows aimo.st 
t:n nation and nirtiiiiclfh: fills the cell i>odv, 'risere are no 


I'h- a 




n-.Tft !>ie is aloi diiTcrent. Here a large 
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proportion of the cells is arranged in well defined glands, averaging 
65 microns in external diameter, with a lumen measuring about 22 
microns in diameter. The single layer of lining cells is definitely 
cuboidal in character rather than polyhedral. 

Many of the glands contain dark reddish pink, opaque, colloid- 
like masses, some completely filling the lumen, others only partially 
so. Some of the larger lumina show marginal vacuolization. Between 
these glands the stroma is scanty, but small endothelial-lined ves- 
sels, many filled with red cells and granular debris, are found. Occa- 
sional colloid droplets are seen in the connective tissue stroma. A 
small number of fat granules is seen in the cells, stroma and lumina. 
Although no true oxyphil cells are found, the predominant cell 
slightly suggests a transition stage to the oxyphil type. 

Case 19 (34-1526). Clinical History: T. G. Y., a male physician, 49 years of 
age, noted in January, 1932, the onset of malaise and muscle pains. In the course 
of 2 years he grew weaker and lost about 15 pounds in weight. Three months 
later he broke his clavicle during slight exertion. Slight nocturia had been noted 
for 5 years, but no gravel. Renal function test showed 30 per cent excretion. The 
serum calcium was 15.01 mg., phosphorus 2.61 mg,, and phosphatase 14.1 units. 
X-ray showed changes in the bones characteristic of hyperparathyroidism and a 
questionable displacement of the esophagus to the left just above the sternal 
notch. On April 24, 1934, at operation a tumor arising close to the right inferior 
thyroid artery and extending backward and medially was subtotaUy resected, 
leaving a piece about twice the size of a normal parathyroid. The tumor had dis- 
placed the esophagus, as visualized in the X-ray film. The following day the 
serum calcium was 11.16 mg., phosphorus 1.25 mg., and phosphatase 13.2 units. 
When last seen, on June 15, 1934, he felt much better. The serum calcium was 
8,04 mg., the phosphorus 3.82 mg. 

Gross Description: A reddish brown, smooth surfaced, slightly lob- 
ulated and flattened, ovoid mass weighing 11.7 gm. and measuring 4 
by 3 by 1.5 cm. Two small calcified areas 2-3 mm. in diameter pro- 
ject from the surface. One margin of the specimen is notched. The 
cut surface is homogeneously reddish brown and moist. 

Microscopic Examination: A small rim of normal parathyroid 
tissue partially surrounds the tumor but is not separated from it by 
any definite fibrous tissue capsule. 

The whole tumor is composed of a single t3q)e of cell which is poly- 
hedral in shape, faintly outhned, and measures 11-16 microns in 
diameter. The cytoplasm is non-vacuolated, pinkish red, coarsely 
granular and completely fills all of the cell aroimd the nucleus. The 
nucleus is round to ovoid, has a sharply demarcated basophihc out- 
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line, measures 6-8 microns in diameter and is usually eccentrically 
placed. The chromatin content is not verj' great and there are no 
mitoses. The cells contain no fat or glycogen. The appearance 
slightly resembles both the chief and pale oxyphil cell t>^es, suggest- 
ing a transition stage. 

The cells are closely packed in a manner similar to the arrange- 
ment of normal pale o.xj’phil cells but not, however, in islands or in 
palisade formation. The stroma contains no fat and is composed for 
the most part of large numbers of congested vessels, producing a 
pseudoglandular effect. 


Sunvnary of Cases lo and ig {Traiisilion Oxyphil, Chief Cell Type) 

ITicse two tumors are composed predominantly of transition pale 
©.xj-phil cells, a stage between the chief and pale oxjqjhil cells 
(Fig. 20). They are arranged in glandular and pseudoglandular 
formation. No true oxjphil cells arc present. One part of Case 10 
has in addition a large area of transition wasserhelle cells. 


Cask (3--3542). Clinicaf History: N. B., a female, 41 years of age, de- 
veloped in 1025, follov.ing her fifth pregnancy, weakness in Uic back and knees 
and pain in the legs on walking. These symptoms increased with her sixth preg- 
nnnej' in 1027, during vdiich treatment for fallen arches was instituted. The 
diagnosis of “ bone disc.asc” made by her physician when she fractured the right 
femur in 102S became obvdous the following year when fractures of the right 
chivicle and later the right humcnis occurred. In 1030 she entered the ^Massa- 
dus;x‘ll.s General llospit.al where X-rays showed marked decalcification of the 
f'hclcton, q,'.st formation, old pathological fractures and a renal calailus. The 
scrum calcium was 14.25 mg., phosphonns 2.5 mg. On .Sept. 12, 1930, operation 
V. ;v> rlone. The search, whicli was limited to the immediate region of the thyroid 
gland. falliMl lo reveal a tumor but two normal parathyroid bodies were removed. 
A higli calcium diet with viosterol gave improvement in symptoms and X-ray 
• isAv.ed .an incTcased deporii of calcium in the skull. As evidence of hyperpara- 
ilwTiddt. rn [xTsirie?! she returned to the hospital. At a second operation on 
Sept, .' 3 , 1032. a large tumor w.as found l)chitHi the esophagus on the surface of 
deep rerviod aufi .a sulitota! resection {lerformed. She had moder- 

ately revert- tetany during ronwdt-sccnce. In December, 1032. the serum ad- 
v.,v, S mg-, jduv?ph.onis .1 mg., .anfl phosphatase .t.3 unil.s. When last seen, 
oy. ,\ug. -H. 5033, her ar.cmi.a had improved and <dic fell much ijetler. 


GVt'.ir Description: An elongated, cncaj)sulated, norlular mays of 
firm ti-vue rnyacurlng 5 by j.5 l)y 0.9 cm. The cut surface is 

irfidish lirown. 


I 


f icro e-'c 
iglitlv t-n! 


/ D lixn i f u: t inn : 
artp'-fj chief cell A 


The predomin.’inl cell in this case i;3 lliC 
ec 6, 7 and 9). These cells arc dts- 
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tributed in several ways. The major portion of them form the lining 
of large numbers of glands and cystic spaces (Fig. 21), which show 
great variations in size, some as small as 45 microns and others as 
large as i mm. Several of these spaces are partially or completely 
fiUed with a light pink, finely granular material, but many contain 
homogeneous, pink-staining material which slightly suggests colloid, 
an impression reinforced by the presence of marginal vacuolization, 
such as is seen in the hyperplastic thyroid. However, the fight color 
and the lack of real density is more in favor of coagulation of the 
finely granular material rather than coUoid. This same material, 
somewhat more deeply stained, is also found throughout the stroma, 
in many places completely obliterating the interstitial tissues. Some 
of these spaces are wholly or partially filled with red cells and occa- 
sional chief parathyroid cells, which may be desquamated lining cells. 
The lining is usually a single cell layer, but there is a fair number 
with two and even three layered finings. A few contain fat droplets. 

Between these glandular structures are large collections of the 
same cells. Connective tissue stroma often containing small capil- 
laries separates these collections of cells into small groups, many of 
which are pseudoglandular, and are composed on the average of 
about twenty-five to fifty cells, with occasional small lumina. Small 
groups of these cells, 5-10, arranged in gland formation resemble 
fetal adenomas of the thyroid. In several places the acinar cells show 
some degree of papillary infolding. In other areas the cells are 
arranged in undulating columns of three to four rows, the inter- 
vening stroma being composed of a fine reticulum. A tendency to 
palisading is barely recognizable. No mitoses are seen. 

Scattered throughout all sections are pale oxyphil cells arranged in 
large groups vaiying in size from o.i mm. to 7-8 mm. The cells are 
slightly larger and less uniform than the normal oxyphil cell, varying 
from 8 to 17 microns. The cell outlines are fairly distinct, reddish 
pink and round to polyhedral in shape, clearer than the chief ceU, but 
much less sharp than the wasserhelle cell. The nucleus is ovoid, 
deeply basophilic, sharply demarcated, centrally placed, hyperchro- 
matic and fills about one-quarter of the cell volmne. An occasional 
cell is multinudeated. Because of the large quantity of chromatin it 
is often (fifficult to distinguish a definite nucleolus. The cytoplasm is 
pink and granular, and usually fills the cell, although occasionally 
there is a small halo around the nucleus. Occasional, single dark oxy- 
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pMl cells, usually located near the stroma, are found interspersed 
among the pale oxyphil groups. 

The stroma of the glandular portion is composed of relatively 
dense fibrous tissue and large collections of colloid-like material. In 
the compact and pseudoglandular areas it is much less fibrous, but 
vascular. 

Case 13 (33-4182). Clinical Hislory: A male, 22 years of age, was perfectly 
well until October, 1932, when he developed painless hematuria. In March, 
1933, an attack of right renal coh'c was followed by the passage of a stone 2 weelcs 
later, but several more attacks, one of them on the left side, pointed to the pres- 
ence of additional stones. Physical examination was negative. The serum cal- 
dum was 15.78 mg., phosphorus 2.8 mg., phosphatase 4 units. Following X-ray 
of the urinary tract a right nephrolithotomy was performed. On Oct. 28, 1933, 
at operation a small parathyroid tumor under the upper pole of the left lobe of 
the th3T:oid was removed. On the fifth postoperative day the serum caldum was 
10 mg., phosphorus 2.32 mg. \\'hen last seen, on Dec. i, 1933, he was well, did 
not tire at the end of the day as he had done before, and felt much stronger. 

Gross Description: A moderately soft, smooth surfaced, well en- 
capsulated, slightly flattened, round tumor mass measuring approx- 
imately 1.7 cm. in diameter and weighing 2.1 gm. The surface is 
slightly mottled pale to orange-brown. The cut surface is moist, 
yellow to pinkish brown. The peripher}’- is light brown to yellow. 

Microscopic Examination: The capsule is quite thick, measuring 
up to 2 mm. in places, and is composed of fibrous connective tissue in 
which are numerous, endothelial-lined empty spaces. In addition 
there are many more unlined spaces that are partially or completely 
filled with parathyroid chief or wasserhelle cells. A tempting though 
imcertain interpretation is to regard these spaces as capsular lym- 
phatics containing tumor cells. Li any event there is definite evi- 
dence of parathyroid cells within the capsule. In one place there is a 
large group of wasserhelle cells just beneath the capsule. One end of 
this group of wasserhelle cells definitely invades the capsule and 
divides it for some distance into two layers. In the outermost layers 
of the capsule, and in one area very close to the outer surface of the 
capsule, there are chief cells arranged in glandular formation. Al- 
though this pictvue strongly suggests capsular invasion, it can also be 
interpreted as a rim of normal parathyroid tissue which has been 
markedly compressed by the tumor. 

Just beneath the capsule are small and large foci of closely packed 
wasserhelle cells. The nuclei lie in the comer of the cell that is closest 
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to tlie Stroma, giving tlie whole area a pattern similar to that seen in 
Case 16, where the whole gland has the same appearance. Many of 
the cells have no nuclei. 

Except for tlie above mentioned capsule and subcapsular areas the 
specimen is composed of chief cells arranged in marked cystic and 
glandular formation, similar in parts to the glandular section of 
Case 4 (Figs. 22 and 23). There are no oxyphil cells. The cells are 
arranged in fairly compact masses and surround large numbers of 
cystic, irregular, papillar}’- spaces, varying from o.i to 3 mm. in 
diameter. In many places these cystic spaces are lined by only a 
single layer of chief cells, but usually they are surrounded by the 
compact layers of the parenchymal cliief cells. Some of these spaces 
are empty; many contain pink-staining granular debris; others are 
fiUed with red cells. The stroma is fairly abundant, contains many 
small vessels and no fat cells. 

Case iS (34-13S7). Clinical Eislory: J. F., a female, 5S years of age. In 
1924, 10 years before admission, the patient fractured her left femur after severe 
trauma, and had remained lame. In 1933 she fainted while at stool, fell, and 
broke the left femur again and also tlie left humerus. There were no genito- 
urinary symptoms. X-rays showed bone decalcification. The serum calcium was 
11.36 mg,, phosphorus 2.53 mg., and phosphatase 5.75 units. On April 13, 1934, 
at operation a tumor lying on the terminal divisions of the right inferior th3T:oid 
artery was resected. When last seen, on April 23, 1934, the caldum was 9.31 
mg., phosphorus 3.32. 

Gross Description: A flattened, almond-shaped, smooth surfaced 
mass 1,2 by 0.8 cm. by 0.4 cm. At one pole there is a semilunar 
area approximately 3 by 2 by i mm. which is yellowish brown and 
which is taken to be normal parathyroid tissue. The remainder of 
the specimen is dark purplish red and soft. This was thought to be 
tumor, although a hematoma in a normal gland could not be ruled 
out. 

Microscopic Examination: A rim of normal parath3n:oid tissue sur- 
rounds the tumor. The dark purplish area observed grossly is a very 
vascular tumor. All the vascular channels, both small and large, are 
dilated and congested, producing a pseudo-acinar and in places papil- 
lary effect. The latter is further emphasized by the presence of nu- 
merous, irregularly shaped cystic spaces into which villus-like groups 
of cells project. Many of these spaces are empty, others filled with 
granular debris or red cells, and a few with colloid. 
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The cells are all of the chief and transition wasserhelle variety. No 
true wasserhelle cells are seen. Pale and dark oxyphil cells are ab- 
sent. There are occasional intracellular fat droplets, but no intercel- 
lular fat globules such as are seen in the rim of normal parathyroid. 

Summary of Cases 4, 13 and 18 {Glandular Cystic, Chief Cell Type) 

These 3 cases are composed predominantly of slightly enlarged 
chief cells lining and surrounding numerous cystic and glandular 
spaces (Figs. 21, 22 and 23). This process is more prominent in 
Cases 4 and 13. Case 4 has in addition many islands of pale oxyphil 
cells. A rim of normal parath3rroid tissue is present in Cases 13 
and 18. 

Case 2 (32-157). Clinical History: M. L., a female, 60 years of age, experi- 
enced in 1928 a pain in the back which was intensified by motion, and foUov/ed 
by swelling and pain in the shoulder, knee and ankles. In February, 1931 , a diag- 
nosis of mild h3T)ertrophic arthritis and osteomalacia was made. Serum calcium 
was 10.4 mg., phosphorus 3.6 mg. Treatment v.'ith a high calcium diet and vios- 
terol resulted in considerable reh'ef of symptoms, though the pain in the ankles 
and the aching in the knee continued and she was still subject to fatigue and in- 
ability to work. The diagnosis was temporarily changed to osteoporosis because 
of the consistently low phosphorus. Careful studies showed slight but constant 
elevation of serum calcium and low phosphorus, and a diagnosis of h>T)er- 
parathyroidism was made. At operation, on Jan. 14, 1932, the right lower 
parathyroid body appeared considerably larger than normal and was removed. 
Convalescence was uneventful, without tetany. Serum calcium was 10.65 mg., 
phosphorus 3.68 mg. When last seen, on May 27, 1933, she was optimistic, felt 
much better and was working. 

Gross Description: A smooth surfaced, moderately j&rm, ovoid, 
brownish mass measuring 10 by 5 by 4 mm. 

Microscopic Examination: A section is taken through the whole 
mass. Under low power one sees a well circumscribed, encapsulated 
tumor, on one side of which is a peripheral zone of normal parathy- 
roid tissue (Fig. 15). The tumor makes up about five-sixths of the 
specimen. 

The capsule of the tumor is composed of a thin layer of acellular 
fibrous tissue. At one end of the section is a large, recent hemor- 
rhagic area between the capsule of the tumor and the surroimding 
normal parathyroid tissue. In one place the hemorrhage has appar- 
ently broken through the capsule and is seen in the tumor. 

The predominant cell is the typical wasserhelle cell (Fig. 16), 
measuring between 17 and 22 microns. The shape is usually poly- 
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liedral, but in the closely packed areas may be variable. The cell out- 
line is a thin, sharp pink line, much more conspicuous than that of the 
normal parathyroid chief cells. The nucleus is eccentrically placed 
in one corner of the cell, is also sharply outlined and is deeply baso- 
philic. It is round in shape, either clear or opaque, and measures 
about 8 microns. The nucleolus is just to one side of the center, is 
fairly conspicuous, and is surrounded by a large number of chromatin 
granules. Occasionally no nucleus is seen. 

The cells are completely vacuolated, entirely lacking in demon- 
strable cytoplasm but contain moderate numbers of fat droplets. 
They can be regarded only as wasserhelle cells. In general the cells 
show no definite arrangement, although a single gland is noted. No 
mitotic figures are found. 

In each section there are two to three large collections of cells 
which simulate the wasserhelle cells. The}’^ are about the same size 
and have a similar nucleus. The cell outline, however, is poorly de- 
fined and the cytoplasm is composed of a fine, reticular-like, pink 
cytoplasm in which are scattered, coarse, more brightly pink-stained 
granules. They have not the homogeneous cytoplasm of a true pale 
oxyphil cell, but may be a transition form (see Cases lo and 19). 

No oxyphil cells are found in the tumor, although they are present 
in fair munbers in the surrounding normal parathyroid tissue. 

The stroma is scant and made up almost solely of fine capillaries 
and occasional small, vacuolated spaces, 11-15 microns in diameter, 
which contain homogeneous, pink-staining, coUoid-like masses. One 
portion of the tumor contains a number of large fat cells similar to 
those seen in the surrounding normal parathyroid tissue. 

Summary of Case 2 {Neoplasia: Wasserhelle, Generalized) 

An encapsulated tumor composed predominantly of wasserhelle 
cells, scattered among which are a few large collections of probable 
transitional ox3q)hil cells. There are no mitoses or multinucleated 
cells. There is a rim of normal parathyroid around a portion of the 
tumor (Figs. 15 and 16). 

Case 5 (32-3594). Clinical History: R. T., a female, 55 years of age. In 1922 
the patient developed attacks of severe pain in the right flank, radiating to the 
epigastrium, for which the gall-bladder was removed in 1927. The attacks not 
only were not relieved but became more severe. She was easily fatigued. In 
September, 1932, at the Massachusetts General Hospital a stone, shown by 
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X-ray in the pelvis of the right kidney, was removed by pyelotomy. Routine 
blood chemistry studies showed the serum calcium to be 13.2 mg., phosphorus 
2.78 mg., phosphatase 5 units. On Oct. 3, 1932, a parathyroid tumor below the 
left lower pole of the thyroid was resected. A mild tetany was present postop- 
eratively. WTien last seen, on Dec. 9, 1932, the serum calcium was 10.34 mg., 
phosphorus 3.71. 

Gross Description: A slightly firm, reddish, and in places orange, 
slightly ecchymotic, encapsulated tumor measuring 1.5 by i by i 
cm. The cut surface is homogeneous, smooth, glistening and orange 
to reddish gray. 

Microscopic Examination: The capsule is thin. Under low power 
one can see fairly large circumscribed masses of wasserheUe cells 
scattered at intervals through the tumor, which is elsewhere com- 
posed of chief cells (Fig. 24). These masses vary in size from o.i to 
1.5 mm. in diameter. The subcapsular portion contains large collec- 
tions of dark oxyphil cells. 

The wasserheUe ceUs probably make up more than half the tumor. 
They are polyhedral, closely packed and measure 11-20 microns in 
diameter (Fig. 24) . Their cell outlines are thicker than normal, red- 
dish pink and ragged, but are easily seen because of the vacuolated 
cytoplasm. The nucleus is large, measuring 8-1 1 microns, eccentri- 
caUy placed, round, sharply circumscribed, deeply basophilic, and so 
packed with chromatin that in many instances the nucleolus cannot 
be made out. The cytoplasm for the most part is completely vacuo- 
lated. A few cells contain pink-staining, coarsely granular debris, 
others lighter but brighter pink, homogeneous clear droplets 3-5 
microns in diameter. No fat droplets are seen. There are no mitoses. 
Scattered among these ceUs are a few that have a light pink granular 
cytoplasm. These may well be transitions between the chief cell and 
the fully developed wasserheUe cell. No true oxyphil ceUs are found 
in the wasserheUe groups. The stroma betiveen these wasserheUe 
ceUs is scant, but where it is present definite endotheUal-lined vessels 
containing red blood cells are found. A few of the colloid-like drop- 
lets are also found in the stroma. Scattered throughout are irregu- 
larly shaped smaU spaces, which vary from 15 to 90 microns, most of 
them empty, but some containing pink-staining debris and others 
red blood ceUs. 

Around the wasserheUe groups are sUghtly enlarged chief cells 
arranged for the most part in compact masses, in a few areas toward 
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the periphery in well formed glands with walls one to three cells deep, 
many of which are filled with red cells. Near the periphery, where 
the chief cells predominate, the stroma is markedly congested and 
contains large globules of fat. 

Groups of typical, normal dark oxyphil cells are found close to the 
periphery, while single ones are distributed throughout the gland, 
except among the wasserhelle cells. 

Summary of Ca^e 5 {Neoplasia: Wasserhelle, Focal) 

An encapsulated tumor composed of both chief and wasserhelle 
cells (Fig. 24). The latter are arranged in circumscribed masses mak- 
ing up more than half the tumor; the former are smaller and ar- 
ranged in compact masses and in a few places in glands. There is 
very little fat in either type of cell. 

Case 20 (34-2321). Clinical History: N. M. K., a female, 36 years of age, in 
1928 had her first attack of renal colic followed by a similar attack 3 months later. 
In 1930 stones were removed from the left kidney and right ureter but she con- 
tinued to have attacks of renal colic. In 1933 she was delivered of a healthy full 
term child, following which she passed many small stones and developed poly- 
dipsia. There was no history of bone or joint pains or loss of weight. She entered 
the Massachusetts General Hospital in May, 1934. The urine was loaded with 
w'hite and red blood cells, and had a fixed low specific gravity. The phenolsul- 
phonephthalein test showed 40 per cent excretion. The serum calcium was 12.16 
mg., phosphorus 3.27 mg. and the phosphatase 6-8 units. On June 13, i934; 
operation both upper parathyroid glands were found enlarged and were re- 
moved; both lowers were normal in size and a biopsy of each was taken. Serum 
calcium and phosphorus taken 7 hours postoperatively were 9.56 mg. and 2 mg. 
respectively. Mild tetany developed on the second postoperative day. When 
discharged, on June 25, 1934, the serum calcium was 10.62 mg., the serum phos- 
phorus 4.52 mg. 

Gross Description: {Right Upper): A yeUowish brown, with red- 
dish mottling, encapsulated mass 1.3 by 0.7 by 0.3 cm., weighing 
0.28 gm. 

{Left Upper) : A light brown, flattened, round encapsulated mass 
measuring i by 0.8 by 0.3 cm. and weighing 0.3 gm. The biopsies 
from the lower glands are light brown in color and measure about 
I mm. in diameter. 

Microscopic Examination: {Right Upper) : The thin capsule is com- 
posed of acellular fibrous connective tissue and no rim of normal 
parathyroid tissue can be demonstrated around the tumor. The 
blood vessels are markedly congested and in addition there are many 
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large extravascular collections of red blood cells. The predominant 
cell throughout the tumor is a typical enlarged chief cell with the 
usual id-defined cell outdne and large hyperchromatic round nu- 
cleus, similar to that seen in Case 6. The ceds average lo microns in 
diameter, the nuclei 7 microns. The arrangement is protean. There 
are compact masses, anastomosing cords running between ddated 
capidaries of sinusoidal appearance, and large areas of gland forma- 
tion. Many of the glands are Hned with chief ceds resembdng the 
bulk of the tumor. Other glands, however, are of a totady different 
appearance, resembdng none that we have seen in any of our other 
cases.* The dning ceds here do not resemble chief cells. They are 
columnar in shape with basal nuclei and a rather localized area of 
vacuolization which does not surround the nucleus but always lies in 
the opposite pole of the cell toward the lumen of the gland. The 
appearance closely simulates the duct of a mucous gland dned by 
goblet ceds. Both types of glands are fiUedwith red cells (Fig. 26). 
Wasserhede ceds are completely, and pale and dark oxyphd ceds 
practicady, absent. In an occasional area normal pale oxyphd cells 
surround some of the glands. 

The stroma is for the most part scant, with wide and thin-waded 
capidaries and many foci of hemorrhage, but in a few places several 
isolated ceds are surrounded by irregular areas of almost acedular, 
richly codagenous fibrous tissue. There are no intercedular fat drop- 
lets. A smad amount of colloid is present. 

{Left Upper): This gland is quite different from the right upper 
(Figs. 25 and 26) . In this instance a rim of normal parathyroid tissue 
containing many large fat ceds in its stroma surrounds the tmnor and 
is separated from it by a fairly thick connective tissue capsule. The 
ceds are ad of the same type — the transitional wasserhede ced. 
There are a few intracedular fat droplets. Glycogen is present in 
normal amormts. Except for the absence of true wasserhede ceds, 
this specimen is similar to Case 12. There are no pale oxyphd ceds 
and only an occasional normal dark oxyphd ced. Ad the ceds are 
massed compactly together with little stroma. In a few places near 
the periphery there is a slight tendency to pseudo-alveolar arrange- 
ment and a slight resemblance to the pattern observed in the hyper- 
plastic group. 

* Case 24 in the Massachusetts General Hospital series, which is not reported in this 
paper because operation was performed after the paper was submitted, shows a single 
adenoma with this same histological picture. 
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The biopsies from the two lower glands show normal parathyroid 
tissue. 

Case 21 (34-2362). Clinical History: E. T., a female, 35 years of age, had an 
attack of left renal colic followed by the passage of a stone in November, 1933. 
Three months later several stones were removed at a local hospital. X-rays of 
the skeleton were normal. Following operation she felt well except for easy 
fatiguability and occasional low backache. She entered the Massachusetts Gen- 
eral Hospital in June, 1934. Physical examination was negative. A renal func- 
tion test showed 65 per cent excretion in 2 hours. The serum calcium was 11.92 
mg., serum phosphorus 2.86 mg. On June 16, 1934, at operation the right lower 
parath3T:oid was found enlarged and was resected. The right upper was about 
the same size and a small biopsy of it was taken. No parathyroid tissue was 
found on the left side, even after the left lobe of the thyroid had been removed 
and carefully examined. On June 17th the serum calcium was 8.6 mg., phos- 
phorus 3 mg. On the second postoperative day she developed mild tetany which 
lasted only a few days. When discharged, on June 26, 1934, the serum calcium 
was 10.34 nig-j phosphorus 2.9 mg. A stone was still present in one kidney. 

Gross Description: {Right Lower): A moderately firm', yellowish 
brown encapsulated mass i by 0.6 by 0.3 cm. The cut surface is uni- 
formly yellowish brown. {Right Upper): A small biopsy approxi- 
mately 2 mm. in diameter. 

Microscopic Examination: {Right Lower): Around one edge of the 
tumor is a small rim of normal parathyroid tissue composed of chief 
cells and several large fat globules. The capsule of the tumor is thin. 
The tumor is composed for the most part of two types of cells, chief 
and pale oxyphil, with a slight predominance of the oxyphils. The 
chief cells of the tumor measure about 10-12 microns in diameter, 
the nuclei 8-10 microns; those in the rim of normal tissue measure 7- 
8 microns with nuclei of 5-6 microns. The cytoplasm is only slightly 
vacuolated and contains an occasional tiny fat granule and a normal 
amount of glycogen. There are no extracellular fat globules. The ar- 
rangement of the tumor cells is pseudoglandular. In many places, 
however, pale oxyphil cells are adjacent to chief cells, but almost all 
the latter are true chief cells and not in transitional stages to pale 
oxyphils. Glycogen is present in normal amounts. In addition to the 
scattered, single, pale oxyphil cells many of them are arranged in 
large islands. This finding is unusual in a person 35 years of age. 

The biopsy of the upper gland shows a similar picture. 

Summary of Cases 20 and 21 {Neoplasia: Multiple) 

In each of the 2 cases two tumors were fotmd composed pre- 
dominantly of chief cells. In Case 20 one is definitely glandular; the 
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other is non-glandular, made up wholly of the transition wasserhelle 
cell and has a rim of normal parathyroid tissue. In Case 21 both 
tumors have the same appearance and contain many pale oxyphil 
cells, both single and in large groups. 

Review or the Literature 

One hundred and sixty cases of probable hyperparath3Toidism 
have been collected from the literature and the significant data tabu- 
lated (Table VI, see page 50). We have attempted to include all 
tumors and tumor-like enlargements of the parathyroid glands but 
have excluded from the series cases of osteomalacia, rickets, and 
primary nephritis in which slight secondary parathyroid hyperplasia 
is frequent. Rigid proof of hyperparath3n:oidism is often lacking, 
but in cases of marked parathyroid enlargement the burden of proof 
rests on the disclaimer. 

Many of the case reports are regrettably incomplete, either in the 
clinical or in the anatomical details, and this considerably limits the 
value of the table. Knowledge of the syndrome of hyperparathyroid- 
ism has developed slowly and although the association of a parathy- 
roid tumor with bone lesions was reported as early as 1903 by Aska- 
nazy,^° it was not imtil 1913 that the combination began to be noted 
by a significant proportion of writers on the subject. Even at the 
present time the association with renal stones is still largely unrec- 
ognized and the experience in our clinic strongly indicates that more 
attention devoted to this phase of the disease will greatly increase 
the proportion of cases in which renal calculi are reported. 


Statistical Data 
Age 

Including our series the ages are stated in 176 cases. 


Table I 

Dislribulwn per Decade 


Age in years 

0-9 

10-19 

2O--29 

30-39 

40-49 

SO-S 9 

60-69 

70-79 

80— S9 

Total cases 

0 

II 

28 

29 

44 

43 

12 

8 

I 

Adenomas 

0 

10 

25 

27 

37 

38 

II 

5 

I 

Hyperplasias . . . 

0 

I 

3 

2 

7 

5 

I 

3 

0 
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The highest incidence of hyperparathyroidism is between 40 and 
60 years of age. There is no significant difference in this regard be- 
tween the group of localized tumors and the group of diffuse hyper- 
plasias. Although the youngest case recorded is 13 years of age (our 
Case 3), the symptoms in this patient were clearly of at least 4 years 
duration, so that the occurrence of the disease in the first decade is 
to be expected in rare instances. 

Sex 

Sex is reported in 174 cases. 


Table II 
Sex Incidence 

Females Males 

Total 122 52 

Adenomas 108 45 

Hyperplasias 14 7 

The predominance of females over males is evident in both groups, 
being in a ratio of approximately two and a half to one for the ade- 
nomas and exactly two to one for the hyperplasias. 


Number of Glands Enlarged 

Table IH 

Data on Enlarged Glands 


Available cases 185 

Single gland enlarged 146 

Multiple enlargements 39 

(a) Two glands 25 

(b) Three glands i 

(c) Four glands 13 


Site 

The data are distinctly inadequate. Of 119 single tumors in which 
location is recorded, 56 were on the right and 47 on the left. In 76 
cases an attempt was made at more accurate localization and of 
these, 12 adenomas were found in one of the upper glands and 64 in 
one of the lower glands. This five to one ratio is of evident surgical 
value. Tumors of aberrant parathyroid glands are by no means in- 
frequent — 6 have been found within the thyroid, 2 in the thymus. 
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and 9 have been described as retrosternal. Where two glands have 
been reported as enlarged any combination is possible, but again the 
lowers have been more frequently involved than the uppers. 

Size 

The sizes of the tumors vary over an extreme range. Symptoms of 
hyperparathyroidism have been recorded with a tumor only twice 
the size of a normal gland. At the other end of the scale tumors have 
been recorded weighing as much as 300 gm. and Benjamins de- 
scribed one as large as a “child’s head.” 

Incidence of Osteitis Fibrosa and Renal Stones 

The presence of bone lesions is recorded in 1 16 of the 160 cases col- 
lected in Table VI, but in only 4 of the remainder were they specifi- 
cally stated to be absent. A glance at the table where the cases have 
been listed in the order of their publication will show how rarely the 
relation was recognized by the earlier writers. Since an analogous 
situation still prevails in regard to renal stone formation, we have 
listed our cases separately in the following table. The value of rou- 
tine blood calcium and phosphorus determinations in all cases of 
renal stone formation (Albright el alF) is at once evident when the 
percentage of calculi in this series is compared with that in the pre- 
viously reported cases. We have included only the cases in which a 
definite statement in regard to bone lesions was recorded. 

Table IV 

Incidence of Osleilis Fibrosa and Renal Slones 

Present Ecrics Cases in literature 



No. 

%0f 
total (25) 

No. 

%of 

total (iig) 

Osteitis fibrosa alone 

s 

20 

70 

58.8 

Renal stones alone 

II 

44 

3 

2.52 

Osteitis fibrosa plus stone 

.... 9 

36 

46 

38.6 


When om: own series of cases is divided into the hyperplastic and 
the adenomatous groups, 13 of the latter showed bone lesions, where- 
as the 5 clear cell hyperplasias fall into the group of renal stones with- 
out bone changes and only Case 23A, the chief cell hyperplasia, 
showed significant bone lesions. That this is the result of chance 



PATHOLOGY OP PARATHYROID GLAND 


41 


sampKng in too small a series of cases is at once apparent by refer- 
ence to the group of 14 dear cell hyperplasias collected from the liter- 
ature, all but I of which showed bone lesions. It is evident that 
either type of hyperparathyroidism may be associated with stone 
formation only, bone changes only, or the combination. As a rule 
stone formation comes first and bone lesions follow only after a 
period of years. When the average duration of symptoms in our cases 
showing only renal stones is calculated, it is 3.2 years, whereas the 
average duration in the cases with classical bone lesions is 8.6 years. 

Classification 

As we have already briefly outlined in the introduction to our own 
series of case reports, we believe the fundamental line of division in 
the pathology of hyperparath5u:oidism hes between diffuse h)rper- 
plasia of all the parathyroid tissue and localized proliferation of only 
a portion, the remaining glandular tissue being histologically normal. 
In the first type diffuse enlargement of all the glands is to be ex- 
pected; in the second type one or at most two will be involved. The 
division, however, judging from our own experience and the reports 
of others, cannot safely be made upon the number of grossly en- 
larged glands in each case. The degree of enlargement of individual 
glands varies greatly and though slight enlargement of every gland is 
probably always present in hyperplasia, the swelling of one or two 
glands may be so predominant that minor enlargement of the others 
might readily be overlooked, particularly imder the exigencies of a 
surgical operation. In cases, however, where portions of all the para- 
thyroids have been examined microscopically, as in Cases 17, 23, 25 
and 23 a of our series, and 32, 36 and 53 from the literature, the uni- 
formity in histological appearance of aU the glands, whether large or 
smaU, is at once apparent. 

Fortunately, however, the histological picture of the hyperplastic 
gland, at least of the more co mm on wasserhelle type, is so character- 
I istic, so different from anything we have seen in the cases of single 
tumor formation that we believe a diagnosis of hyperplasia should be 
possible as a rule from the histological examination of a single gland, 
even from a frozen section during an operation. The uniform, giant 
sized dear cells, the acinar arrangement, the basal orientation of the 
nudei form a readily recognizable picture (Figs. 8-1 1). 
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That hyperplasia of a different type, uniform proliferation of chief 
cells without significant vacuolization, can occur is shown by our 
Case 23 A (Figs. 12 and 13) and by Cases 29 and 61 from the litera- 
ture. Hyperplasia of this type, marked enough to cause significant 
tumor-like enlargement of the glands, is evidently rare since includ- 
ing our own case we have been able to find only three examples. 

Another potential source of error in classification, if gross enlarge- 
ment only is considered, lies in the confusion of multiple neoplasms 
with hyperplasias. Numbers 20 and 21 of our series are, we believe, 
cases in point. In Case 20 all four parathyroids were exposed at oper- 
ation, two which were enlarged were resected and from the other two, 
which appeared normal, biopsies were taken. The biopsies show nor- 
mal parathyroid tissue. The two enlarged glands are shown in Figs. 
25 and 26. In contrast to the hyperplastic cases where every gland 
presents a uniform appearance, one of these tumors is frankly glan- 
dular in character, the other consists of solid masses of chief cells 
without evident arrangement. In Case 21 two tumors of identical 
appearance, the familiar chief cell adenoma, were found, but a rim of 
normal gland about one of the tumors definitely rules out diffuse 
hyperplasia. Bergstrand-^ twice demonstrated a rim of normal 
gland about each of a pair of localized tumors. 

An attempt to classify the cases from the literature is admittedly 
dangerous but by limiting ourselves to cases in which a reasonably 
complete histological description is recorded or in which adequate 
illustrations allow us to judge for ourselves, we believe that a fairly 
accurate classification is possible. That several of the cases may have 
been misplaced is frankly admitted. One hundred and twenty-eight 
cases from the literature have been utilized. To these have been 
added, besides our own series of 25, an additional 9 imreported cases 
from other hospitals which the authors have been given the privilege 
of examining histologically,* In compiling the table single glandular 
enlargement has been automatically placed in the neoplastic group, 
cases with three or four enlarged glands in the hyperplastic one. 
Where two glands were enlarged we have attempted classification on 
the basis of the histological features. Five cases of multiple enlarge- 
ment, 37, 62, 94, 141 and 159, we have felt imable to classify. 

* These 9 cases, all single tumors, are distributed as follows: chief cell alone 3, chief 
cell with ^ant forms i, transition wasserhelle 2, glandular and cystic i, wasserhelle 
generalized i. 
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The localized enlargements or neoplasms have been subdivided 
first into single and multiple groups and then classified on purely 
morphological grounds. The sequence of the classification (Table V) 

Table V 

Classification of Cases 


A. H3^erplasia (multiple) (22 cases) 

1. Wasserhelle, generalized 

2. Chief 

B. Neoplasia (140 cases) 

1. Single (128 cases) 

(а) Chief cell t3fpes (114 cases) 

(1) Chief cell alone 

(2) Chief cell with giant forms 

(3) Transition wasserhelle 

(4) Transition oxyphil 

(s) Glandular and cystic 

(б) Wasserhelle cell types (14 cases) 

(1) Generalized 

(2) Focal 

2. Multiple (12 cases) 

(a) Chief cell types 

(b) ? Oxyphil cell 


Case Nos. in 
our series 

No. in 
our 
series 

No. in 
litera- 
ture 

Percent 
of total 

- 



13.6 

IS, 16, 17, 23, 25 

s 

14* 


23A 

I 

2f 




■ 

86.4 



■ 




B 

SB 


3 

59 


I, II 

2 

3 


3,22, 8,12, 14 

5 

17 


10,19 

2 

6 


4, 13 , 18 

3 

14 


■■■ 

m 



2 

B 

II 


5 

I 

I 



■ 

B 


20, 21 

2 

B 




3 



25 

137 



• Case Nos. 22, 23, 35, 32, 36. S3. 8p, 92, 98, 123, 125, 126, 127, iSS- 
t Case Nos. 29, 61. 

follows the order in which the case reports have been presented 
above. 

Out of a total of 161 cases 22 or 13-6 per cent appear to belong in 
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the hyperplastic group, 19 of which are in the wasserhelle type as 
against 3 in the chief cell t5q;)e. The far commoner localized tumor 
formation is represented by 140 cases, 86.4 per cent of the total, 130 
of them single tumors, 10 of them multiple. In the single tumors the 
chief cell with its transition forms accounts for at least 90 per cent. 

Discussion 

Hyperplasia versus Neoplasia 

Since the recognition of the syndrome of hyperparathyroidism, the 
question whether to regard the proliferative changes in the glands as 
hyperplastic or neoplastic has been a matter of controversy which 
the paucity of available evidence served only to stimulate. The 
demonstration of a distinct group of cases characterized by diffuse 
uniform involvement of all parath3n:oid tissue is, we believe, the first 
unequivocal evidence bearing on this issue. Such diffuse involvement 
points so strongly to hyperplasia dependent on a generalized humoral 
stimulus (possibly though improbably with mediation of the nervous 
system), and so strongly against a local autonomy that neoplasia 
cannot be seriously considered. The recognition, moreover, of at 
least two distinct histological t3q3es of hyperplasia not only suggests 
the interesting possibility of multiple potential stimulating factors 
but confirms the essential pattern of the hyperplastic lesion — the 
uniform diffuse involvement of all the glandular tissue. The analogy 
to exophthalmic goiter is of course apparent. 

In sharp contrast to this relatively uncommon type of case stands 
the far more usual type of a localized proliferative process which 
leaves entirely iminvolved the remaining glandular tissue. Let us 
first consider several suggestive but inconclusive iustological criteria 
favoring the neoplastic origin of the localized tumors (which our 
cases illustrate). AU of them have been repeatedly cited before, but 
they rise in importance by their comparison with known hyperplastic 
lesions. 

Cell size and number of nuclei fail to provide distinguishing 
criteria since rather surprisingly the hyperplastic group provides the 
largest cells and the most frequently multinucleated. But among the 
group of localized tmnors an occasional example is encountered of 
gigantism of the nuclei up to 20 microns (Fig. 18) associated with an 
irregular multilobulated outline and extreme hyperchromatism, 
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which has no parallel in the hyperplastic state and which has a cer- 
tain priim facie neoplastic quality. 

In comparison with the rather monotonous uniformity as a group 
and also from field to field of the hyperplastic cases the localized 
tumors present a protean picture not merely as a group, but also 
at times within the dimensions of a low power field of a single tumor. 
Tumors may be made up almost solely of chief cells (Fig. 17), of 
fully developed wasserhelle ceUs (Fig. 16), of transitional wasserheUe 
(Fig. 19), of transitional oxyphil cells (Fig. 20), or any combination 
of these elements. Well developed gland formation will be present in 
one area, broad anastomosing cords in another and solid patternless 
cell masses in a third. 

Fibrous stroma which is scant but uniform in its distribution in the 
normal gland increases in the hyperplastic gland to strands of uni- 
form width which surround each acinus and sharply demarcate it 
from its neighbors. In the localized tumors, in contrast, it is 
markedly irregular in character and distribution, here abundant and 
richly collagenous, there tenuous and barely demonstrable. Blood 
vessels which are constant in size in the normal gland, rather imi- 
formly increased in number and diameter in the hyperplastic gland, 
become irregular in caliber and distribution in the tumor nodules. A 
sinusoidal dilatation of capillary vessels is a frequent abnormality. 
Endothelial-lined spaces, probably lymphatics, which are undemon- 
strable in normal and hyperplastic glands, are frequently conspicu- 
ously dilated. 

The crux of the argument rests, in our opinion, in the localized 
character of the proliferative process. Our own experience indicates 
this is frequently limited not merely to one gland but to a portion of 
a single gland. In 8 of our 19 adenomatous cases we have been able 
to demonstrate a rim of normal parathyroid tissue on one margin of 
the tumor. That this has been noted in the literature on only eight 
occasions can be explained we feel on two bases: (1) it has not been 
systematically looked for, and (2) our cases for the most part are 
early ones with relatively smaller tumors than the majority that have 
been reported. It is obvious that the mathematical chances of 
demonstrating a small fragment of normal parathyroid tissue in or 
on the capsule of a tumor diminish rapidly with increase in size 
of the tumor. Partial or total atrophy of the normal remnants is, 
moreover, not improbable with tumors of large size. 
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If an external humoral stimulus to overgrowth is present in these 
cases, it must be of minimal importance compared with the local 
autonomous factor which determines the site of the proliferative 
activity. Moreover, if the newgrowth were in response to a persist- 
ing outside stimulus, surgical removal should logically be followed by 
reasonably prompt recurrence of the growth process in one of the 
other remaining glands. Surgical experience does not support this 
in a wide experience with the iocah’zed tumors. In the realm of typi- 
cal hyperplasias experience is still limited, but the short follow-up on 
our Cases 15 and 23 strongly suggests an extrinsic factor. In Case 23, 
three enlarged glands and a biopsy of a normal sized fourth gland 
were removed, following which the serum calcium fell from 13. i to 
10.18 mg. Three months later the serum calcium was 11.96 mg. Case 
15, in which three enlarged glands were removed, with a drop of 
serum calcium to 11.4 mg., is awaiting further treatment with a 
serum calcium that has risen once more to 13.8 mg.* 

We can, therefore, distinguish on the available evidence between 
two groups of proliferative changes in the parath3n‘oid glands, one 
primarily dependent on an external, continuous stimulus, the second 
independent, as far as can be made out, of such a stimulus, deter- 
mined in its localization and duration by local autonomous factors 
which can be extirpated by local surgical removal. This second type 
of proliferation, an essentially autonomous newgrowth, falls within 
the accepted limits of the term neoplasia. 

Comparison of the Size of Hyperplastic Glands and Adenomas 
with the Degree of Hyperparathyroidism 

The degree of hypertrophy of glandular tissue in cases of para- 
th3nroid hyperplasia is in itself worthy of attention. The material 
removed from Case 16 of our series, the severest of our hyperplastic 
cases, amoimted to 15.6 gm. This is approximately one hundred 
times the weight of the total normal parathyroid tissue. A degree of 
hyperplasia equal to this is totally unparalleled in human pathology. 
In exophthalmic goiter, in mazoplasia or in prostatic hyperplasia five 
or tenfold h3q)ertrophy would be imusual. Even lactation hyper- 
trophy of the breast is left far behind. 

* A fourth gland in this case was not found and all of the third gland, except for a 
piece twice the size of a normal gland, was resected. 
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In the case of parathyroid adenomas still greater variations occur. 
In our Case i the tumor weighed 53 gm., approximately four hundred 
times the normal, and much larger tumors are on record. If this new- 
formed glandular tissue functioned in proportion to its size, some in- 
dividuals would die of parath3nroid poisoning, like that so easily pro- 
duced in animals with parathormone,^^ unless some compensating 
mechanism were brought into play. An answer to the problem must 
await biological assays of material from both hyperplastic and ade- 
nomatous glands. 

That a roughly quantitative relation between size of tumor and 
degree of hyperfunction exists is apparent from the following figures. 
Since weights were lacking on several of the cases, we have compared 
the volumes. 

(5 cases) Blood calcium less than 12 mg. Average volume 255 cmm. 

(9 cases) Blood calcium 12 to 14 mg. Average volume 3830 cmm. 

(8 cases) Blood calcium greater than 14 mg. Average volume 16,000 cmm. 

It is evident that as the size of the tumor increases the propor- 
tional effect of unit weight on the blood calcium becomes rapidly less 
and less. In fact in the hyperplastic cases the relation appeared to 
approach a logarithmic function. The hyperplasias, as might be ex- 
pected from their histological uniformity, show a more nearly math- 
ematical relation. The adenomas in contrast show far wider varia- 
tions. All attempts to correlate the degree of hyperfunction with the 
histology of the tumors have proved fruitless. 

Function 

Throughout the history of endocrinology the study of tumors of 
the ductless glands has played an important role, sometimes point- 
ing the path to chemical researches, as in the case of the pituitary 
adenomas, sometimes bringing up the rear to give final confirmation 
to an already well understood mechanism, as in the pancreatic islet 
adenomas. The multiplicity of cell types in the parathyroid glands 
naturally makes one think of the pituitary. Does the study of para- 
th3n:oid tumors aid us in understanding the histophysiology of the 
normal organ? 

In the normal gland there is general agreement, and our own 
studies are in accord, that glycogen can invariably be found at any 
age and is present in every type of cell except the fully developed 
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oxyphil. Unfortunately, material was not suitably preserved for 
glycogen stains in all of our cases, but we have available at least 
I case of each type and as yet have not failed to demonstrate at 
least some granules. As a general rule it is less abundant in both the 
tumors and the hyperplasias than in the normal gland (in adenomas 
with normal tissue in the capsule this is often strikingly apparent) 
but in at least some cells of every tumor it will be found. It is apt to 
be most evident in the cells that approach most nearly the normal 
chief cell in appearance. It is present in the •wasserhclle cells and it is 
least marked or absent in the cells that most nearly approach the 
normal oxyphils. We can, therefore, say that glycogen has been 
found present whenever sought for in every case of hyperfunction. 
This reinforces the fact that it is invariably present in the normal 
gland and suggests that glycogen is in some way necessary to the 
elaboration of the specific hormone. 

Fat droplets wthin the parenchymal cells are in contrast entirely 
lacking in the normal glands of children and cannot, therefore, be 
necessary to the elaboration of the hormone by which the calcium 
balance is maintained. In confirmation, intracellular fat has been 
present in some of our adenomas, absent in others. 

Fat cells in the stroma cannot seriously be considered to have any 
direct bearing on the function of the gland. They remind one natur- 
ally of the bone marrow, and their relative independence of the state 
of nourishment of the individual might suggest a similar function, a 
readily resorbable tissue permitting rapid and facile hyperplasia. In 
hyperplastic glands it entirely disappears; in the adenomas it is usu- 
ally absent though occasional fat cells can be found. 

Have the oxyphil cells a function? Certainly their presence is not 
necessary to the normal functioning of the gland since they appear 
only with middle age and do not become numerous until advanced 
life. Oxyphil cells are wholly absent from the hyperplastic physio- 
logically overactive gland. True oxyphils may be wholly absent from 
the adenomas; they may be scattered in small nmnbers much as they 
are distributed in the normal gland of early adult life; they may be 
present in localized collections similar to the oxyphil islands of old 
age. Transition oxyphils, according to our classification cells with 
large amounts of homogeneous red cytoplasm but still with traces of 
vacuolization about the nucleus, may make up the bulk of a tumor, 
but among them cells which closely approach the chief cell type have 
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always been found. We have been unable to classify any of our cases 
as a true oxyphil adenoma and although cases have been so classified 
by other authors, we have not found their descriptions convincing. 
Turnbull’s case of oxyphil adenoma (Case 93), for instance, clearly 
shows from an illustration some degree of halo formation about the 
nucleus. He himself speaks of the presence of glycogen and fat, 
though he has never been able to demonstrate these substances in 
the typical oxyphil cells of normal glands. We feel, therefore, that it 
can fairly be said that histological evidence fails to support the con- 
cept of the elaboration of parathyroid hormone by the oxyphil cells. 
The frequency of these cells in tumors, even in young people, their 
absence in hyperplasias, their increase under normal conditions in 
old age, all point toward an involution phenomenon. The possibility 
of another function, unconnected with the calcium metabolism 
cannot be ruled out, but we have found no evidence for it. 

Interrelation Between Cells 

Since Welsh’s fundamental study of the histology of the parathy- 
roid glands, the interrelation of the various cell types has been under 
discussion. He sharply separated the oxyphil ceU but believed in 
transitions between the water-clear and the chief cell, though he con- 
sidered the former the more primitive type, in contrast to later 
workers, such as Getzowa,®° who have felt that if one were derived 
from the other, it was the chief cell which was the primitive form. 

With Kurokawa the possibility that the oxyphil also was derived 
from the chief cell was considered and various transition forms were 
described. Hunter and Turnbull have developed this concept, 
stating that “the oxyphil cells are principal cells in which the cyto- 
plasm has been so charged with oxyphil granules that the basophil 
net has been more or less completely reduced to a limiting mem- 
brane.” 

Does a study of the tumors of the parathyroid glands contribute 
any evidence for or against a monophyletic development of the vari- 
ous cell types? As Hunter and Turnbull have pointed out, the nor- 
mal evolution of the gland in fetal and adolescent life, starting only 
with chief cells, with successive development of water-clear cells, of 
pale oxjq)hils and dark oxyphils with the simultaneous appearance of 
transition forms argues for a single fundamental cell type. The clear 
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cell hyperplasias prove that a physiological stimulus can convert 
every parathyroid cell into the wasserhelle type. 

The neoplasias of the glands serve to reinforce the arguments 
against gcnerically different cell types and favor the concept of a fun- 
damental cell from which all others arc derived. Pure tumors of 
either the oxyphil or wasserhelle type unaccompanied by any chief 
cell forms were not present in our series and we find the occasional 
reports in the literature unconvincing. When cells of either of these 
specialized types are predominant numerous transition forms of the 
chief cell can always be demonstrated. The chief cell in other v/ords 
is the only invariable component of a tumor, obviously the basic fun- 
damental cell and possibly the only proliferative form. The other cell 
types derived from it are to be regarded as degrees of differentiation 
or as involution forms. 


Summary 

The histology of the parathyroid glands in 25 cases of hyperpara- 
thyroidism has been reported in detail and contrasted with the 
normal glands removed from 150 routine autopsies. It was found 
possible to divide the cases sharply into two groups, one of them 
characterized by diffuse uniform changes throughout all the gland- 
ular tissue — an obvious hyperplastic process — the second by a pro- 
liferative area limited to one gland, frequently even to a portion of 
it, or rarely involving parts of two glands. For reasons which have 
been discussed at length in the text, we regard this localized type of 
growth as neoplastic. 

On this basis a classification of the parathyroid changes in hyper- 
parathyroidism into two primary groups, hyperplasia and neoplasia, 
with subgroups imder each heading, based on the morphological 
criteria of predominant cell type and structure, has been proposed. 
It has been shown that this is applicable not only to our own series 
but to the entire group of 160 cases which we have been able to 
collect from the Kterature. 

An effort has been made to compile adequate statistical data on 
the relative frequency of these types of hyperparathyroidism and 
also on age and sex incidence, the frequency of multiple growths, the 
location of the tiimors and the relation of both types of the disease to 
osteitis fibrosa cystica and to renal stone formation. A rough quan- 
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titative relation between the size of the enlarged glands and the de- 
gree of hyperfunction has been demonstrated. 

Finally, an attempt has been made to bring to bear such data as a 
study of parathyroid tumors affords upon the problems of the func- 
tion and the histogenesis of the various cell t)7pes. 

Conclusions 

1. The pathological findings in the parathyroid glands in hyper- 
parathyroidism may be divided sharply into two types, h)^erplasia 
and neoplasia. 

2. Hyperplasia is characterized by diffuse uniform involvement 
of all the glandular tissue. It occurs, however, in two forms, a was- 
serhelle or water-dear cell type, and a much rarer chief cell type. 

3. Localized tumors of a single gland, part of a gland, or rarely 
parts of two glands, are more logically to be regarded as neoplasms. 

4. A roughly quantitative relation between the size of the en- 
larged glands and the degree of hyperfunction exists. 

5. The histology of parathyroid tumors provides confirmatory 
evidence for the monophyletic theory of origin of the various cell 
types. 

6. Glycogen, albeit in minute amounts, is always present in func- 
tioning parathyroid tissue and the concept of the oxyphil cell as an 
inactive involution product receives support from a study of the 
adenomas. 
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DESCRIPTION OF PLATES 
Plate i 

Fig. I. A longitudinal section of a whole parathyroid gland from a child 16 
months old, showing the compact grouping of ^e chief cells and the absence 
of fat. X 20. 

Fig. 2. A lon^tudinal section of a whole normal parathyroid gland from an 
adult 40 years of age, showing the relative proportions of parenchymal and 
fat cells. X 15. 

Fig. 3. A longitudinal section of a whole normal parathyroid gland from an 
adult 80 years of age, showing numerous circumscribed islands of pale 
oxyphil cells, x 15. 

Fig. 4. A longitudinal section of a v/hole parathyroid gland showing a large 
cyst and two minute encapsulated adenomas, x 12, 

Fig. 5. A longitudinal section of a whole parathyroid gland showing an appar- 
ently non-functioning, well circumscribed adenoma. Fat cells v/hich are in 
normal numbers in the surrounding gland are nearly absent in the. tumor. 
X 12. 













Plate 2 


Fig. 6. A higher magnification of a small portion of the gland shown in Fig. 2,. 
showing the normal chief and large fat cells, x 400. 

Fig, 7. A higher magnification of an island of pale oxyphil cells from the gland 
shown in Fig. 3. Note the surrounding normal chief cells and the lack of 
extracellular fat globules, x 400. 
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Fig. 8. Case 15. A low power view of dear cell hyperplasia. The marked uni- 
form acinar arrangement, the swollen clear cells, the abundant vascular 
stroma and the absent fat are characteristic. One huge cyst is present, 
X 50. 

Fig. 0. higher power of Fig. 8. Note the definite gland formation, the sharply 
outlined large epithelial cells, the cytoplasm absent e.\cept for scattered 
granules, and the dark basalh' oriented nuclei, x 400. 

Fig. 10. Case 16. The typical pattern in a case of parathyroid hyperplasia pro- 
duced by the basal orientation of the nuclei, x 50. 

Fig. II. A higher power of Fig. 10. The nuclei of many of the cells lie out of 
the plane of section. When present, they are hyperchromatic and clearly 
oriented toward the stroma, x 400. 
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Plate 4 

Fig. 12. Case 23A. A case of parathyroid hyperplasia of tlie cliief cell type. 
Note the compactness of the cell arrangement, the absence of intercellular 
fat and the papillar}-^ acinar arrangement in one area, x 30. 

Fig. 13. A higher power of Fig. 12 taken at the edge of the large circumscribed 
papillar}' area, showing the marked basophilism in contrast to the surround- 
ing tissue. X 400. 
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Plate 5 

Fig. 14. An actual size drawing of the tumors removed from Cases i to 1 1 . Note 
the variability in size and in shape. 
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Plate 6 


J'lG. 15. Case 2. A longitudinal section through almost the entire tumor show- 
ing a rim of normal parathyroid tissue surrounding a wasserhelle adenoma. 
In the latter is a localized group of transition oxyphil cells, x 15. 

Fig. 16. A higher power of Fig. 1 5, showing the sharply demarcated wasserhelle 
cell. X 400. 
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Plate 7 

Fig. 17. Case 6. An c.vample of a chief cell tumor showing the enlarged chief 
cell with its poorly outlined cell margin, its large hyperchromatic nucleus 
and its faintly acidophilic cytoplasm. Note the increased vascularity, the 
compact grouping of the cells and the absence of fat. x 400. 

Fig. 18. Case 11. A chief cell tumor with numerous greatly enlarged cells and 
giant hyperchromatic nuclei. Even the smaller cells are well above the 
normal in size, x 400. 

Fig. IQ. Case 3. .Xn example of a transition wasscrhclle cell tumor. Aliout the 
nuclei clear halos of varying width can be seen. Occasional!}* they extend to 
the cell margins. The cells closely continguous to the stroma arc barely dis- 
cernible. X 400. 

Fig. 20. Case 19. An example of a transition o.xyphil ceil tumor. These cells 
show transition stages from the chief to the pale o.xyphil cell. Note the 
granular abundant cytoplasm and the pseudoglandular arrangement. 
X 400. 
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Plate 8 


Fig. 21 . Case 4. An example of a glandular and cystic chief cell tumor. In 
addition to the glandular area in the upper part of the photomicrograph 
note the pale oxj'phil cells on the left and the chief cells below, x 50. 

Fig. 22. Case 13. Another example of the glandular and cystic type. In this 
case the spaces arc not so close to each other and are larger. Mote the 
presence of red blood cells in some of the glands, x 50. 

Fig. 23. Case 13. A higher power of P'ig. 22, showing the chief cells lining these 
spaces. X 400. 
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Plate 9 

Fig. 24. An example of a focal wasserhelle cell tumor showing the large islands 
of waterclear cells, surrounded by moderately enlarged chief cells, x 400. 

Figs. 25 and 26. Case 20. An example of multiple chief cell tumors showing 
the dissimilarity of two tumors in the same case. One is definitely gland- 
ular; the other belongs to the transition w'asscrhellc cell type and is non- 
glandular. x 100. 
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ENLARGEMENT OF THE PARATHYROID GLANDS IN 

RENAL DISEASE* 


r A. M. Pappenheimer, M.D., and S. L. Widens, M.D. 

{From the Department of Pathology, College of Physicians and Surgeons, 
Columbia University, New York, N. F.) 


The initial impetus to this study was given by a case of typical 
osteitis fibrosa with adenomatous enlargement of three parathyroid 
glands and associated polycystic kidneys.f The question which 
arose in the discussion was in regard to the relation between the 
kidney disease, obviously congenital in origin, and the parathyroid 
enlargement. 

Since the report by MacCallum,^ in 1905, of parathyroid adenoma 
associated with chronic glomerulonephritis, the simultaneous occur- 
rence of renal lesions with parathyroid tumors or enlargement has 
been noted repeatedly. This association has been emphasized par- 
ticularly in the recent study of Albright, Baird, Cope and Bloom- 
berg,^ who collected 83 cases of hyperparathyroidism, 43 of which 
showed some type of renal damage. The renal lesions are attributed 
to the precipitation of calcium in the tubules, with resultant sclero- 
sis, contraction and insufficiency, or to the formation of calculi in 
the pelvis associated with pyelonephritis. 

Thus, these authors in general regard the renal lesions as a sequel 
to the chronic hyperparathyroidism and stress especially the de- 
position of calcium in the renal tissue as the proximate cause of the 
kidney lesions. However, in their discussion they raise the question 
as to whether the parathyroid enlargement may not be secondary to 
the renal disease in the cases in which multiple glands are affected. 
They report: “It seems conceivable that a chronic renal insuf- 
ficiency with phosphate retention and a high inorganic phosphorus 
level might likewise cause hyperplasia of aU parathyroid tissue which 
might go on to multiple tumor formation. ... In these cases, the 
kidney damage may be the cause and not the result of the para- 
thyroid tumors.” 

* Received for publication July 26, 1934. 

t This case has been reported in detail by Gutman, A. B., Swenson, Paul C., and 
Parsons, W. B. The differential diagnosis of hyperparathyroidism. J.A.M.A., 1934 ) 
103, 87 (Case 4, page 90). 
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Bergstrand^ in a routine study of the parathyroids in 200 au- 
topsies found a small percentage in which the glands were “dis- 
tinctly enlarged” and in most of these cases there were at the same 
time more or less severe changes in the kidneys. Subsequently, a 
series of nephritis cases was studied: in 10 of 50 cases the combined 
parathyroid weights exceeded 200 mg., which he regards as the upper 
limit of normal. We shall refer to these findings again after an 
analysis of our own data. 

Vines'® in his monograph states: “In chronic nephritis a some- 
what similar h)rperplasia (i.e., as that in rickets) has been found.” 
He gives no data or references, however. 

With this suspicion of a relation between renal disease and para- 
thyroid enlargement before us, it seemed worth v/hile to begin a 
systematic study, in order to determine whether disease of the kid- 
neys might not lead quite regularly to enlargement of the para- 
thyroids. 

Material and Methods 

The parathyroid glands in a series of 27 nephritic and 72 miscellaneous cases 
were dissected out and weighed individually on a Roller-Smith torsion balance, 
sensitive to 0.2 mg. They were then fixed in Zenker’s fluid and sectioned serially 
for identification and microscopic study. A second series of 29 nephritic and 12 
control cases was obtained from neck organs which had been preserved in Klotz 
or Kaiserling fluid. These glands were also weighed and sectioned. The weights 
of these fixed specimens were found to be somewhat less than that of the fresh 
material, but no constant variation v/as found. The data obtained from this 
material will therefore be presented separately. 

Weights op Parathyroids in Non-Nephritic Cases 

In order to have a reliable standard of comparison it was necessary 
to obtain data on a sufficient number of control cases to show the 
range of biological variation in comparable groups of individuals. 
The ideal data for this purpose, as Bergstrand has pointed out, would 
include only glands from healthy persons who had died suddenly 
from accidental causes. Such material was not available, and we 
have been forced to take as controls the weights of glands from non- 
nephritic patients dying of various diseases. Knowing nothing of the 
effect which such diseases might have upon the parathyroids, it can- 
not be assumed that these weights represent “normal” values in a 
strict sense, but for the purpose of our inquiry, namely to ascertain 
if nephritis is commonly associated with parathyroid enlargement. 
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they would seem to provide a sufficiently accurate standard of com- 
parison. So, also, a calculation of the amount of functional paren- 
chyma would have to take into account the relative amount of 
interstitial fat and fibrous tissue. No attempt has been made to 
correct for this variable, since there seems to be no simple method 
for so doing, and in the comparison of fairly large numbers the error 
introduced by neglecting this would not appear to be significant. 

The literature contains surprisingly few systematic studies of the 
weights of the human parathyroid. The available references to 
parathyroid weights in adults are given in tabular form (Table I). 


Table I 

Weights of Parathyroid Glands Cited from Literature 


Author 

1 

Year 

Mean weight 

Combined weight 

Upper Lower 

Welch 5 

1898 

gm . 

0 - 03 S 

gm . 


Maranon ® 

191I 

0.020-0.050 

0.080-0.120 


Danisch ^ 

1924 

0.026-0.030 0.037-0.041 



Marine ® 

1928 

0.020 0.035 



1 

Aibara ® 

1931 


0.067 

1 



Bergstrand,^ 1921, gives as the upper limit of normal combined 
weight 200 mg., a figure which on the basis of our own data seems 
considerably in excess of normal. The weights which we have ob- 
tained in our series of non-nephritic control cases in which the kid- 
neys showed no microscopic lesions of significance are presented in 
Table II. 

These data are summarized in Table III, which gives also the 
standard deviation and the probable error of the mean. These fig- 
ures are in dose agreement with those of Danisch. 

Influence of Sex on the Weight of Normal 
Parathyroids 

It is evident from the table that the mean weights of each gland 
in the female exceeds that of the male. In the case of the right upper, 
right lower, and left upper, the difference is statistically significant. 
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The calculated total parathyroid weight for males is 0.106 gm. and 
for females 0.130 gm. The glands from females are thus approxi- 
mately 20 per cent heavier. If it had been possible to take into con- 
sideration the relation to total body weight the difference might 
have been still greater. 

The explanation of this sex difference is not immediately apparent. 
It does not appear to be correlated with repeated pregnancies. The 

Table m 


Mean Weights of Parathyroid Glands in Non-Nephritic Cases 


Gland 

No. of cases 

Mean weight 

Standard 

dr/iation 

Right Upper 

62 

gm . 

0.027 ^ 0.0013 

gm. 

0.013 

Right lower 

SI 

0.032 ^ 0.0013 

0.014 

Left upper 

59 

0.027 =*= 0.0013 

O.OIS 

Left lower 

S8 

0.031 =fa O.OOIO 

0.012 


Combined weight (calculated) 0.117 

Combined weight (observed, 37 cases) 0.118 


Combined weight (calculated) 0.117 

Combined weight (observed, 37 cases) 0.118 


mean weights of the glands in nuUiparas are if an3rthing slightly in 
excess of those in women who have borne children. 

On the other hand, if the weights of the glands in women before 
and after the menopause (arbitrarily taken as 45 years) be calcu- 
lated separately, the increased mean weight is found to lie entirely in 
the younger group. This is shown in Table V. 

Although the differences in the two groups are not sufficiently 
great to be statistically significant, except in the case of the left 
lower, they are consistent for each gland and probably represent a 
true difference. A similar analysis of the weights of the male glands 
discloses no comparable difference in the two age groups. The in- 
ference which is suggested, if not proved by our data, is that the 
age period of sexual activity in females is marked by a definite in- 
crease in the weight of the parathyroid. 
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Relation of pAiLmiYRoro Weight to Age 

Taking the series as a whole no correlation has been found between 
the weight of the parathyroids and the age. This is brought out in 
Table VI. 

While the numbers in each group are too few to permit of statisti- 
cal analysis, it is evident that there is no definite trend either toward 
an increase or decrease with advancing age. It should be noted that 
our data include no cases below the age of lo and only 3 in the 
10-19 year old group. 

Weights of Parathyroids in Nephritic Cases 

This group may be analyzed first from the point of view of the 
pathological lesions. The parathyroids were obtained from 27 cases 
in which at autopsy there were found significant lesions in the kid- 
neys. The data are given in Table VII. 

A summary showing in tabular form the mean weights together 
with the PEm in the renal cases is given in Table Vm. 

Thus, in an unselected series of cases with renal lesions there is 
found an increase in the weights of the parathyroid as compared 
with those of a control series. This applies to the individual groups 
as well as to the total combined weights. This difference is slightly 
less than three times the square root of the sums of the squares of the 
probable errors of the means in the cases of the right upper, right 
lower, and left upper, and slightly greater than three times in the 
cases of the left lower parathyroids. Strictly, the data are statisti- 
cally significant only in this last group, according to accepted usage. 
But the probability that the increased weight in the renal cases is not 
accidental is enhanced by the fact that it is seen in each comparable 
group. 

Since this series includes indiscriminately various types of renal 
lesions of various degrees of severity, without regard to duration or 
to clinical evidence of renal insufficiency, it is probable that the 
mean differences between the two groups are correspondingly re- 
duced. 

Assuming that the increased mean weight of the parathyroid is 
significant, the question arises as to whether it is due to the inclusion 
of a few glands of abnormal size or to a general tendency to enlarge- 
ment. In Chart I are shown distribution curves for the weight of the 
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Table VII 

Weights of Parathyroid Glands in Cases -with Renal Lesions 
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Table VIII 

Mean Weights of Parathyroids in Nephritic and Non-Nephriiic Cases 
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glands in the series of nephritic and non-nephritic cases. Because 
of the relatively small number of nephritic cases the curves are 
irregular, but it is clearly seen that the greater percentage of the 
nephritic cases falls to the right of the mode of the controls. Of the 
right upper glands, 71 per cent exceed the mean weight of the con- 
trols; of the right lower, 73 per cent; of the left upper, 73 per cent; 
of the left lower 74 per cent. In 10 cases in which all four glands were 
recovered, the total weight exceeded the mean total weight of the 
controls (118 mg.) in 8. The 2 cases in which the total weight was 
lower showed only arteriosclerotic scars without clinical evidence of 
renal insufficiency. Of the 8 cases which were above the normal 
mean 4 had all glands above the mean and 4 showed enlargement of 
three glands, indicating that the overgrowth is not limited to one or 
two of the glands in a given case. 

The conclusion which seems justified from this analysis is that the 
parathyroid enlargement is the expression of a general trend and 
that the increase in mean weight in the nephritic series is not due 
to the inclusion of a few glands of exceptional size. 

In view of the fact that the female glands average heavier than the 
males, it should be pointed out that the nephritic series includes 14 
males and 13 females. The mean of the male parathyroid is larger 
than that in the females. It is therefore improbable that the normal 
sex difference is a factor in the enlargement found in the nephritic 
cases. 

Thus far the discussion has concerned unselected cases of renal 
disease without regard to the intensity of the lesions or their char- 
acter. It was of interest to ascertain if there existed a correlation 
between the degree of parath3rroid enlargement and the severity or 
character of the kidney disease. 

Reference to Table VII shows that the maximum enlargement 
occurred in 2 cases of suppurative nephritis and pyelonephritis in 
which the combined weight of the parath3u-oids was approximately 
four times the normal. The next degree of enlargement was in the 3 
cases of subacute and chronic glomerulonephritis, in 2 of which the 
combined weight of the four glands was approximately double the 
normal. Lesser increases in weight were found in the nephrosclerotic 
and other types. In those cases in which the renal lesions were 
unilateral, acute or focal in character, no enlargement of the para- 
thyroids was found. 
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An attempt has been made to correlate the degree of enlargement 
with the severity of the clinical S)anptoms. From the group of 27 
cases showing pathological changes in the kidneys we have selected 
9 in which the clinical record gave evidence of severe renal in- 
sufficiency. 

Comprised in this group are 4 cases of chronic and subacute 
glomerulonephritis (11,459, ii}4S6, 11,486), i of which (11,399) 


PERCENTAGE DISTRIBUTION OF WEIGHTS OF PARATHYROIDS 
IN NON- NEPHRITIC AND NEPHRITIC CASES 

of cases 





Nephrilics 21 cases 
Ku 

Non-nephrifics o2 cases 
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Nephritics 22 cases 
NonnephrilTcs 59cases 
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also had a renal calculus and pyonephrosis (all died with uremic 
symptoms) ; 3 cases of arteriolar nephrosclerosis with hypertension 
and terminal uremia (11,396, 11,400, 11,556); i marked hydrone- 
phrosis (11,437) following carcinoma of the bladder with uremia; and 
I case of acute glomerulonephritis (11,516). In spite of the smallness 
of the series there is rather convincing evidence that the enlargement 
of the parathyroids is correlated with the severity of the clinical 
picture. The number of cases in each group is too smaU and the 
variations too wide to justify statistical analysis. 
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Data on Fixed Specimens 

As confirmatory evidence for the frequent association between 
parathyroid enlargement and renal disease we may supplement the 
above findings with data based on the weights of glands obtained 
from museum specimens. They can be presented most briefly in 
tabular form (Table X) . 

Although the actual weights of the glands are reduced by the 
fixation to about 70 per cent of the unfixed organs, a relative increase 
in weight is again found in the nephritic series, as compared with the 
controls. This increase is statistically significant for each group of 
glands in the severe cases and for the right lower and left upper in the 
series without clinical evidence of severe nephritis. Since these data 
merely confirm the observations on imfixed material, it is unneces- 
sary to consider the cases individually. 

Histological Changes 

The material at hand does not lend itself to detailed cytological 
study. The primary purpose in sectioning glands was to make sure 
that no lymphatic or tissue other than parathyroid was included in 
the weighing. Only a few tentative statements can therefore be 
made in comparing the histology in the nephritic and non-nephritic 
cases. In spite of great variability, the impression is obtained that 
the glands of nephritic cases show a more compact structure and 
relatively less interstitial adipose tissue than those of the control 
series. Furthermore, the dominant cell type in most of the “ne- 
phritic” glands is the large water-clear cell in which the juxtanu- 
clear body appears conspicuously. Oxyphile cells are not more 
numerous than in the control glands and indeed seem unusually 
sparse in some of the nephritic cases. 

Definite adenomas were found three times in the nephritic series 
and twice in the control. They were all of the oxyphile cell type. 
Further study is needed to determine whether the enlargement of the 
glands in nephritis is due to h3q)ertrophy of individual cells or to in- 
crease in their number. 

There have been few systematic studies of the histology of the 
parathyroid in nephritics. Koopmann examined 5 cases of chronic 
renal disease, including malignant nephrosclerosis, chronic glo- 
merulonephritis, and a case of (ystic disease. No histological 
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changes were found which could be correlated with the renal lesions 
or interpreted as indicating hyper- or hypofunction. No weights or 
measurements are given. 

Radnai also has studied the parathyroids in 20 nephritic cases 
and 20 controls of similar age groups. He believes that there is a 
somewhat earlier appearance of oxyphile cells and in greater num- 
ber in the nephritic cases, but finds no other characteristic change. 
No weights or measurements are given. 

Discussion 

The principal facts which have emerged from this study are: 
(i) the mean weight of the female parathyroid glands is greater than 
that of males; (2) the mean weight of the parathyroids is signifi- 
cantly increased in any type of nephritis, if the lesions are diffuse 
and severe. We shall discuss briefly the possible implications of these 
findings. 

The sex difference in the weights of the parathyroids has, so far 
as we are aware, not been previously observed. The first explanation 
that comes to mind is that the loss of calcium due to pregnancy or 
lactation might increase the functional demands upon the para- 
thyroids and lead to their enlargement. Our data do not support 
this theory, since the enlargement was even more marked in nuUi- 
paras than in women who had borne children. 

Another possibility is that the increased parathyroid weight may 
be in some as yet obscure way correlated with the alterations of the 
anterior lobe of the hypophysis which accompanies the menstrual 
cycle (Andersen^®). It has been shown recently by Anselmino, Hoff- 
mann and Herold that injection of anterior pituitary lobe extract 
in rats is followed by a rapid hypertrophy of the parathyroids, with a 
characteristic change in the cytological picture. Hertz and Kranes^'* 
have reported similar effects in rabbits. Whether this is a rever- 
sible change or not is not known; nor has it been demonstrated yet 
that this activity of the anterior lobe is due to a special hormone. 
It is obvious that the exact explanation for the sex difference in 
parathyroid weights in humans must await further experimental 
study. 

Our observations have brought out clearly the fact that most, if 
not aU, cases of diffuse renal disease are accompanied by a significant 
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enlargement of the parathyroid glands. Since this occurs in such 
varied t3rpes of renal disorders as glomerulonephritis, arteriolar 
nephrosclerosis, hydronephrotic atrophy and suppurative pyelone- 
phritis there must be some common chemical factor that stimulates 
the parathyroids to increased activity and growth. 

It seems hardly justified to enter upon an extended discussion of 
the nature of this correlation on the basis of the data here presented. 
It is probable that the cases with severe clinical nephritis had phos- 
phate retention, and since ‘'any increase in PO4 ions wiU decrease 
the amount of Ca ions in the blood” (Thomson and Collip^®), this 
may incite the parathyroids to increased activity and overgrowth. 
Whether this simple explanation is adequate or not must be deter- 
mined by further clinical and experimental studies; our data include 
only a few determinations of inorganic PO4 and Ca in the nephritic 
series, and no conclusions as to a positive correlation can be drawn 
from them. 

It is interesting that the group of cases in which renal lesions were 
found at autopsy, but in which S3Tnptoms of renal insufficiency were 
not recognized, nevertheless showed in most cases a certain degree 
of parath5rroid enlargement. 

It is unfortunate that the bones in this series of nephritic cases 
could not be carefully studied. Although in none of the cases was 
there any clinical or gross pathological suspicion of bone disorder, 
it is possible that those cases in which the parathyroid enlargement 
was most pronounced might have shown microscopic lesions indi- 
cating increased resorption. In renal dwarfism, in which the kidney 
disease leads often to extreme rickets-like deformity of the skeleton, 
the parathyroids have not been carefuUy studied. Langmead and 
Orr,^® however, have reported a case in which there did occur para- 
thyroid enlargement and they suggest that the bone changes may 
have been due in part to excessive parathyroid activity. It may in- 
deed be true that excessive activity of the parathyroids during the 
growth period may bring about more severe skeletal deformities 
than in adult life. 

In the series of cases which we have analyzed it seems obvious 
enough that the diverse renal lesions could not have resulted from 
excessive functional activity of the parathyroids. In the group of 
cases of hyperparathyroidism collected by Albright, Baird, Cope and 
Bloomberg ^ it is taken for granted that the renal lesions found in 
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over half the cases are attributable to the excessive activity of the 
parathyroids, and in large measure are due to calcium deposition. 
They hold that the precipitation of calcium phosphate in the renal 
parenchyma eventually leads to inflammatory changes, sclerosis 
and contraction, which simulate both chronic glomerular and vas- 
cular nephritis. We believe that few pathologists would accept this 
without question. In some of the cases cited the deposition of cal- 
cium in the renal tissues may well have been due to the hyperpara- 
th3Toidism, and may have been entirely unrelated to a preexisting 
nephritis. It is possible, then, that a certain proportion of cases of 
so-called hyperparathyroidism may be initiated by chronic renal 
disease. 


Summary 

1. The mean weights of the parathyroid glands in a series of 
miscellaneous non-nephritic cases over the age of lo years is 27 mg. 
for the upper parathyroid and 31-32 mg. for the lower. The mean 
combined weight is 118 mg. 

2. In the male glands there is no change correlated with advanc- 
ing age. 

3. In the female gland there was found an increase in weight of 
approximately 22 per cent during the active sexual period; after 
45 years there is a decline of weight to figures corresponding with 
those of the series as a whole. The enlargement is not correlated 
with pregnancy. 

4. The mean weight of the parathyroids in various types of 
chronic renal disease exceeds that of non-nephritic cases. In an un- 
selected series this increase in mean weight is approximately 50 per 
cent; in cases with advanced renal lesions the increase amounts to 
more than 100 per cent. 

5. The increase in weight of parathyroids is roughly proportional 
to the severity and extent of the renal lesions and to the intensity of 
the clinical signs of renal insufficiency. Usually three or four of the 
glands share in the enlargement. 

Note: We desire to express our thanks to Dr. Walter W. Palmer 
and to Dr. Allen 0 . Whipple for permission to utilize the clinical 
records in these cases. 
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ATYPICAL AMYLOID DISEASE* 


David Perla, M.D., and Harry Gross, M.D. 

{From the Laboratory Division and the Medical Service, Montefiore Hospital, 

New York City) 

The following cases of extensive amyloid disease are reported 
because they possess several unusual features. Suppuration, tuber- 
culosis and malignancy with infection were absent in all. Primary 
amyloid disease, so-called because of the absence of any known 
etiological factor, is a rare condition and only a few cases have been 
reported in the literature. 

Of 1500 autopsies performed at the Montefiore Hospital during 
the past 7 years 112 showed evidence of amyloid disease; 100 of these 
were associated with pulmonary tuberculosis. This represented 
25 per cent of aU patients dying with this disease. Of the 12 cases of 
amyloidosis in patients dying with diseases other than pulmonary 
tuberculosis 3 had no apparent etiological factor, 2 were associated 
with carcinoma of the lung and secondary suppuration, i was asso- 
ciated with chronic osteomyelitis, 3 with pyelonephritis, i with 
carcinoma of the stomach, i with leukemia, and i with tabes dor- 
salis, The more unusual of these cases are reported in this com- 
munication. 

Lubarsch,^ in a discussion of at3^ical amyloid deposition, noted 
certain characteristics of this group of cases, (i) There is almost 
complete absence of amyloid in those organs that are most involved 
in ordinary amyloidosis (hver and spleen). (2) Organs such as the 
heart and lungs, the skin and striated muscle, not affected generally 
in amyloidosis, are particularly involved. (3) The amyloid may 
occur in the form of discrete nodules (Eppinger’s case). (4) Fre- 
quently the deposits fail to react to the well known tests for amyloid. 
(5) There is no demonstrable concomitant infection such as is found 
in the typical amyloidosis, 

Lubarsch reported 3 cases of atypical amyloidosis, (i) A case 
of chronic endocarditis of the mitral valve in which amyloid de- 
posits were found in the heart, limg, stomach, esophagus, small and 
large intestine and skin. In this case there was, however, a mild 

* Received for publication June 20, 1934. 
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ascending genito-urinary infection. (2) A male 53 years of age ivitli 
symptoms and signs of scleroderma, myotonia and marked macro- 
glossia, which was diagnosed as carcinoma of the tongue. This 
proved to be due to massive amyloidosis of the tongue. (3) A male 45 
years of age with multiple ulcerations of the stomach, hemorrhagic 
cystitis with marked amyloidosis of the spleen, trachea, bronchial 
and mesenteric lymph nodes, prostate, seminal vesicles, epididymis, 
testes, stomach, heart muscle and lungs. The only suppuration or 
infection was an antecedent gonorrhea which had completely dis- 
appeared. 

Recently Gerstel^ reported a case of diffuse amyloidosis in a 
female 52 years of age who, after the use of a denture, observed 
swelling of the floor of the mouth. The tongue became so large that 
she could not close her mouth. A sarcoma of the tongue was sus- 
pected. The entire tongue was hard and swelling extended to the 
neck. The patient became progressively weaker and during the 3 
months preceding death developed increasing dyspnea, edema of the 
lower extremities and severe diarrhea. Examination revealed an 
emaciated woman with generalized anasarca. Her lids were swollen 
and yellowish brown. At autopsy diffuse amyloidosis was found in- 
volving the tongue, skin of the neck, esophagus, pylorus, intestine, 
heart and adventitia of large vessels. There was no evidence of in- 
flammation in any of the organs and no definite cause could be found 
to account for the amyloidosis. The striking features of the case 
were the rapidity of the development of the amyloid of the tongue, 
resulting in death in 2 years, and the imusual dysentery-like symp- 
toms due to amyloid of the gut. 

Pick,^ in discussing amyloid disease, mentioned a case of a man of 
54 years who, 8 years prior to his death, developed symptoms of 
difficulty in digestion and deglutition and progressive difficulty in 
moving the tongue. At autopsy widespread amyloid of the muscu- 
lature was found, particularly of the tongue, esophagus, heart, 
stomach and intestine. Nowhere was the mucous membrane in- 
volved. The lung and serous membranes were likewise unaffected. 
This condition gave the picture of pseudoscleroderma and macro- 
glossia. 

Three unusual cases of amyloid disease were recently reported 
from the Mayo Clinic by Bannick, Berkman and Beaver.^ One case 
was associated with lymphosarcoma, another with gastric carcinoma 
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and in a third there was apparently no etiological factor of suppura- 
tion. 

On the basis of the cases reported in the literature Lubarsch 
classified the at3^ical cases of amyloid into (i) amyloid with pseudo- 
scleroderma, (2) amyloid with pseudomyotonia, and (3) amyloid 
with massive involvement of tongue, simulating neoplasm. There 
is no particular advantage in such an attempted classification. 

In reporting a case of diffuse amyloidosis with deposition in un- 
usual sites, Strauss^ suggests the term “paramyloidosis” for this 
group of cases. He believes that in this type the amyloid is more 
frequently deposited in the musculature of the arterioles and small 
arteries of various organs and in mesenchymal tissue instead of in 
pericapillary and periglandular sites, as in typical amyloid disease. 
He collected 27 cases from the literature illustrative of unusual de- 
position of amyloid. 


Case Reports 

Case i . B . H. , a female, aged 53 years, was admitted with a histoiy of dyspnea, 
cough and pain in the chest of several months duration, associated with loss in 
weight and increasing weakness. Six months prior to admission she had an at- 
tack of bronchopneumonia and an acute serofibrinous pleurisy. On admission 
the patient showed cyanosis of the lips and there was evidence of ascites. The 
heart sounds were distant and of poor quality, the rhythm regular and a systolic 
murmur was heard at the apex. The red blood cell count was 1,990,000, hemo- 
globin 40 per cent, white blood cells 10,400. The blood pressure was 104/80. 
The blood Wassermann test and the other laboratory findings were negative. 

Two weeks after admission the patient developed a sudden attack of dyspnea, 
became cyanotic, her breathing became stertorous and she went into collapse 
and died on June 15, 1932. 

The clinical diagnoses were congestive heart failure and (?) carcinoma or 
malignant tumor of the lung. 


Postmortem Examination 

The anatomical diagnoses were primary amyloid disease involving 
chiefly the heart, tongue, kidneys, lungs and gastro-intestinal tract; 
hypertrophy and dilatation of the heart; mural thrombi in right and 
left auricles; edema of the lower extremities; ascites; hydro thorax, 
bilateral; congestion, edema and partial atelectasis of the lungs; 
recent thrombosis of renal veins; arteriosclerosis of the kidneys. 

The body was that of a well developed, poorly nourished, elderly 
white female in partial rigor. There was slight edema of the lower 
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extremities. A few hundred cc. of straw-colored fluid were present 
in the abdominal cavity. A little over a liter of clear straw-colored 
fluid was present in each pleural cavity. The lungs v/cre partially 
collapsed. There were no adhesions. 

Heart: The heart weighed 390 gm. The measurements were: 
pulmonic ring 7 cm., aortic ring 6.7 cm., mitral ring 9.2 cm., tricuspid 
ring ro.5 cm., left ventricular \vall 12-13 mm., right ventricular wall 
3-5 mm. The pericardium was normal. The heart had a peculiarly 
firm consistence. The left border was markedly rounded. On section 
the myocardium offered considerable resistance to cutting and pre- 
sented a pale, grayish, waxy surface marked with translucent grayish 
streaks and \vith opaque yellow spots and streaks. A strongly posi- 
tive test for amyloid was obtained with Lugol’s solution. 

In the left auricular appendage there was a soft mural thrombus 
with a smooth grayish surface and a soft reddish center. A few 
yellow, atheromatous patches were present in the aortic leaflet of the 
mitral valve. The left and right ventricles were considerably hyper- 
trophied and slightly dilated. A few yellow, atheromatous patches 
were present in the sinuses of Valsalva. The valves were otherwise 
normal. Adherent to the pectinate muscles were three globular 
thrombi with a smooth gray surface and a soft reddish center, which 
ranged in size from 8 to 18 mm. The coronary arteries were smooth 
and widely patent. 

Lungs: The lower lobe of the right lung was collapsed, non- 
crepitant, firm in consistence, duU reddish gray in color, and yielded 
a small quantity of clear fluid on pressure. 

The left lung showed extensive atelectasis involving the entire 
lower lobe and the lower quarter of the upper lobe. Lugol’s solution 
applied to the lung tissue apparently yielded a positive test for 
amyloid. The hilum and tracheobronchial lymph nodes were large 
and anthracotic. 

Liver: The liver weighed 1050 gm. and measured 24 by 15.5 by 
7 cm. The capsule was smooth. On section the surface was pale 
brownish and moderately congested. The test with Lugol’s solution 
for amyloid was negative. 

Spleen: The spleen weighed no gm. and measured 12.5 by 7 by 
4 cm. The capsule was smooth, the organ firm, and on section the 
surface was purplish red. The markings were distinct. Amyloid 
test was faintly positive. 
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Kidneys: The right kidney weighed 105 gm. and measured 9.5 by 
4.5 by 3 cm. The left weighed no gm. and measured 10.5 by 4.5 by 
3 cm. The cortex measured 3-4 mm. and the medulla 15-18 mm. 
The kidneys were firm and decreased in sixe. The capsule stripped 
with ease, leaving a strikingly mottled, pale reddish yeUow, coarsely 
granular surface with a number of larger shallow scars. On section 
the cortex was narrowed and uneven, pale yellowish and somewhat 
waxy in appearance. The markings were distorted. The cortex and 
the medulla were sharply differentiated. The test for amyloid was 
strongly positive. The renal veins, beginning about i to 2 cm. be- 
yond the hilmn of each kidney, were completely occluded by soft, 
friable, red and gray, partly lameUated thrombi, which involved also 
the ramifications in the kidney sinuses (Figs, i and 2). 

Suprarenals: The right weighed 8.5 gm. and the left 9 gm. The 
cortex was bright yellow and the medulla somewhat autolyzed. The 
iodine test for amyloid was faintly positive. 

A positive amyloid test was obtained in the bladder wall, vaginal 
wall, uterine wall and ovaries. 

Lugol’s solution yielded a dark brown color in the muscularis of 
the esophagus, stomach and intestines and dark brown spots in the 
mucosa of these organs. 

Neck Organs: The tongue was definitely enlarged, due chiefly to a 
pronounced increase in thickness, and was unusually firm in con- 
sistence. On section it presented a strikingly pale yellowish brown 
surface with translucent gra5dsh streaks. A strongly positive amy- 
loid reaction was obtained. The mucosa of the epiglottis, larynx, 
trachea and main bronchi was pale. LugoFs solution applied to these 
structures 5delded brownish spots (Fig. 3). 

Bone: Sections of vertebrae and ribs presented no gross 
abnormalities. 

Skeletal Muscle: Sections of diaphragm, psoas muscle and muscle 
of anterior abdominal wall gave a positive reaction for amyloid with 
Lugol’s solution. 


Microscopic Examination 

Heart: Section of the right auricle shows most of the muscle re- 
placed by a homogeneous pink-staining material. Among the tra- 
beculations of the endocardiiun are thrombotic masses. 



98 


PERLA AND GROSS 


Section through left vcnlridc shows a diffuse infiltration of the 
myocardium with a peculiar homogeneous pink-staining material 
(amyloid). In these areas the musculature is atrophic. Muscle cells 
of the surrounding portions appear to be hypertrophic. In the areas 
of amyloid accumulation, muscle cells have undergone pressure 
necrosis. There is no cellular reaction, however, to the necrosis. In 
otlier sections of the heart amyloid material is present beneath both 
the endocardium and the pericardium (Fig. 4). 

Lung: Marked atelectasis of the lung is seen. Many of the blood 
vessels contain peculiar homogeneous material in their walls which 
varies in amount in different parts of the lungs, but is particularly 
prominent in the small vessels. Amyloid material is present in the 
alveolar walls (confirmed by Congo red test). 

Liver: Congestion of the central portions is present with vacuole 
degeneration of the nuclei of the cells. Some increase of the peripor- 
tal connective tissue is seen. The walls of the arteries in the portal 
zones are thickened and strikingly infiltrated with amyloid (Congo 
red test). No amyloid is present in the parenchyma. 

Spleen: The follicles are prominent and in many there is a pecuh'ar 
homogeneous pink-staining material (amyloid). The vessels are 
somewhat thickened and amyloid is deposited in the walls of the 
arterioles (confirmed by Congo red test). The sinuses are markedly 
congested. 

Tongue: There is extensive amyloid replacement of the muscle 
tissue. Striated muscle is everywhere atrophic and compressed by 
stringy, pink-staining, acellular material (Fig. 5). 

Kidney: Extensive thickening of the capsule is present with 
numerous areas of scar tissue formation with extensive atrophy of 
tubular elements and glomeruli and round cell infiltration. Connec- 
tive tissue about the scars has a pink-staining, homogeneous appear- 
ance. A few of the glomeruli are replaced by connective tissue ar- 
ranged concentrically and some of these areas are hyalinized. Many 
of the tubules are distended with casts of albuminous material. In- 
tervening blood vessels are congested and arterioles are ever3rwhere 
markedly thickened and the lumens narrowed. Congo red test for 
amyloid is positive. 

Colon and Stomach: Both show some replacement of the smooth 
muscle with acellular pink-staining material. Amyloid is also present 
in the submucosa. None is present in the wall of the gall-bladder. 
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Diaphragm: Shows striking atrophy of striated muscle and vary- 
ing degrees of degeneration with pink-staining material present in 
the interstitial tissue. 

Uterus: Amyloid is deposited in the walls of medium sized and 
small vessels and occasionally between the muscle fibers. In all in- 
stances the presence of amyloid in the tissues was confirmed by the 
Congo red test. 

Comment 

The unusual features of this case are the macroglossia due to 
amyloid infiltration of the tongue, the marked amyloid disease of 
the heart, lungs, colon, diaphragm and uterus, and the extensive 
dilatation and hypertrophy of the heart which eventually resulted 
in cardiac insufficiency and death. This resembles the case of 
Gerstel and Pick. In this case no infection of any kind was demon- 
strable. The cardiac h5^ertrophy was due probably to previous 
hypertension associated with renal arteriosclerosis. The presence of 
extensive amyloid disease in the myocardium is not responsible for 
the hypertrophy of the heart, in our opinion. Replacement of func- 
tioning cardiac musculature would not lead in itself to cardiac hy- 
pertrophy. Extensive fibrosis following coronary disease does not 
cause cardiac h)^ertrophy. No doubt, however, the extensive re- 
placement of the heart muscle by amyloid contributed to myocardial 
insufficiency. 

Case 2. G. C., a female, aged 16 years, was admitted to the hospital May 4, 
1930, complaining of pain in the joints of 10 years duration, associated with 
fatigue, general weakness, dyspnea at rest, and palpitation, and during the past 
2 years progressive increase in size of the abdomen. Occasionally the joints were 
swollen and reddened. No fever was noted. 

On examination the patient was found to be underdeveloped, poorly nour- 
ished and pale, A rachitic rosary with flaring of the costal margins of the ribs 
was present. The heart was somewhat enlarged and a blowing systolic murmur 
was heard at the apex. Blood pressure was 124/80. The abdomen was large and 
the superficial abdominal veins were prominent. The liver edge could be felt 
10 cm. below the costal margin, the spleen 4 cm. below the costal margin. There 
was some limitation of motion of the right elbow and left wrist. The axillary, 
submaxillary and inguinal l}Tnph nodes were enlarged. 

At the time the patient was admitted the red blood cell count was 2,500,000, 
hemoglobin 47 per cent, white blood cell count 7500. The Van den Bergh reac- 
tion was delayed and slightly positive (0.4 mg. per cent). The Congo red test 
showed a retention of 88 per cent of the dye after i hour. The blood urea nitro- 
gen was 69.2 mg. per 100 cc., creatinine 2 mg. per 100 cc. A marked decrease in 
the urea concentrating power was found. The renal concentration showed a 
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specific gravity of i,ooS-i,oio. The urine contained a large amount of albumin 
and was loaded with hyaline and granular casts. The phcnolsulphonephthalein 
test showed a lo per cent output of the dye in 2 hours. The blood serum calcium 
was 8,9 mg. per cent, the blood scrum phosphorus 8.3 mg. per cent. Successive 
determinations showed increases in urea nitrogen and creatinine concentration, 
A diagnosis of chronic glomerulonephritis with renal insuflidency and uremia 
was made. 

During her stay in the hospital the patient had several attacks of arthritis 
with involvement of the ankles. Ten months after admission she had sudden 
epistaxis, vomited blood and became hypcrpnocic. A tachycardia was noted, and 
purpuric spots appeared on the arms. The fundi showed slight swelling of the 
discs. The urea nitrogen was 108.6 rag. per 100 cc., tlie creatinine 7.3 rag. per 
100 cc. and the CO2 combining power 1 7.6 volumes per cent. The COj combin* 
ing power several days later was 54 volumes per cent, the urea nitrogen rose to 
154.1 mg. per 100 cc. with a creatinine of 10.5 rag. per 100 cc. 

The spinal fluid w'as under slightly increased pressure. Several days later the 
patient had a convulsion and on e,xamination a bilateral inexhaustible clonus 
was elicited. During the same period an acute purulent parotiditis developed. 
Following incision and drainage the parotiditis cleared up and the patient im- 
proved, Apath}' continued with occasional attacks of fever. From December 
1931 until April 1932 three transfusions were pven. Purpuric spots were again 
noted in July 1932. Attacks of paroxysmal dyspnea associated with gallop 
rhythm and wheezing rales in the chest occurred during August. Late in August, 
2 years and 4 months after her first admission, she developed signs of myocardial 
insufficiency with enlargement of the liver and pulmonarj' congestion. The 
blood pressure rose to 180/94. The patient was orthopneic and her condition 
became progressively worse, pallor increased and gallop rhythm persisted. A 
precordial friction rub was heard over the sternum and on Aug. 29, 1932, the 
patient became markedly dyspneic and died. 

The clinical diagnoses were chronic glomerulonephritis with progressive renal 
insufficiency and uremia; myocardial insufficiency, gallop rhythm and conges- 
tive heart failure; ankylosis of right elbow, partial in left VTist, and recurrent 
acute arthritis. 


Postmortem Examination 

The anatomical diagnoses were amyloidosis of kidneys with con- 
traction; amyloidosis of suprarenals and liver; hypertrophy and 
dilatation of heart; fibrinous pericarditis; chronic passive congestion 
of lungs, liver, spleen and gastro-intestinal tract; juvenile rickets 
(clinical); ankylosis of right elbow joint; infantile genital tract. 

The body was that of a poorly developed and poorly nourished 
white female, 142 cm. in length, in complete relaxation- Pelvic and 
axillary h air was totally absent. The breasts were small. There was 
marked pallor of the skin and mucous membranes with a subicteric 
tint. The face was puffy and the neck veins prominently distended. 
There were scattered purplish blue blotches on the skin of the an- 
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terior neck and upper extremities. About 150 cc. of serosanguineous 
fluid were present in either pleural cavity. There were few adhesions. 

Heart: The heart weighed 350 gm. The measurements were: 
pulmonic ring 6.5 cm., aortic ring 6 cm., mitral ring 9 cm., tricuspid 
ring 9.5 cm.; right ventricle measured 6 mm., left ventricle 18 mm. 
The pericardial sac contained no fluid. A thin fibrinous deposit was 
present over the midportion of the anterior wall of the left ventricle 
and adjacent right ventricle. There were moderate dilatation and 
h5Tpertrophy of right and left auricles and right ventricle. There was 
marked hypertrophy with dilatation of left ventricle. Valves and 
coronary arteries were normal. The myocardium had a dull, light 
red color. 

Liver: The liver weighed 1320 gm. and measured 24 by 18 by 7 cm. 
The capsule was smooth and the parenchyma a diffuse dull brown 
-with an icteric tint. 

Spleen: The spleen weighed 380 gm. and measured 16 by ii by 5 
cm. The organ was enlarged, firm and rubbery in consistence. The 
capsule was smooth. On section the parenchyma was deeply con- 
gested and the markings indistinct. The pulp did not scrape away. 
Iodine test for amyloid was negative. 

Kidneys: Each kidney weighed 50 gm. and measured 8.5 by 5 by 
2.5 cm. The* cortex measured 2 to 3 mm. and the medulla 12 to 14 
mm. The organs showed an identical and striking picture, being 
markedly contracted and firm. The capsule stripped with slight 
difiiculty, leaving a light, yellowish red surface dotted with many 
minute, pin-point, glassy and grayish, slightly raised elevations be- 
tween which were innumerable pin-point to pin-head-sized yellowish 
dots and streaks. The organs cut with increased resistance. In some 
places the cortex was narrowed, measuring 2 to 3 mm., and was not 
sharply delimited from the medulla. Cortical and medullary archi- 
tecture was replaced by numerous fine and coarse, irregular, light 
yellowish streaks. The parenchyma had a waxy appearance and 
gave a strongly positive iodine test. There were a few petechiae in 
the pelvic mucosa. 

Suprarenals: The right suprarenal weighed 10 gm., the left 9 gm. 
The organs were enlarged and firm. There were several adenomatous 
cortical nodules of similar appearance, the largest measuring 0.5 cm. 
in diameter and about 3 mm. in width. The cortex was duU gray and 
waxy in appearance. The medulla appeared normal. Aniyloid reac- 
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tion was positive in the cortex. There was no evidence of amyloid in 
the gastro-intestinal tract, including the tongue. 

miboTV Joint: The right elbow joint was ankylosed in a position of 
170° extension, due to thickening and shortening of the capsule. 
Numerous thin, easily tom, fibrous adhesions extended between the 
borders of the articular surface of the humerus and ulna. The carti- 
laginous articular surfaces were slightly rough, but there were no 
adhesions between them. 


Microscopic Examination 

Heart: Hypertrophy of fibers and nuclei, with marked cloudy 
swelling and fragmentation is present. There is moderate increase of 
interstitial tissue wth foci of lymphocytic infiltration. Epicardial 
fat is increased and contains many scattered l3Tnphocytes, plasma 
cells and monocytes. The intima of the main coronary artery shows 
slight subendothelial swelling, lipoid infiltration with degeneration 
and hyahnization. 

Liver: Marked parenchymatous degeneration and congestion is 
seen. There are areas in which the entire lobule, except for a narrow 
zone at the periphery, is completely destroyed and replaced by pink- 
staining, fibrillar substance in which there are occasional mononu- 
clear cells with hemosiderin, scattered erythrocytes and ghosts of 
preexisting hepatic cells. At the periphery there are a few red blood 
cells in the parenchyma suggesting recent hemorrhage. There is 
slight increase of periportal connective tissue \vith lymphocytic in- 
filtration. The arterioles are thickened. 

Spleen: The sinuses are markedly dilated and congested and the 
pulp is atrophic. Malpighian corpuscles are fairly prominent. 

Kidney: The glomeruli are closely crowded, large and replaced, 
except for a few scattered nuclear elements, by amyloid. The glo- 
merular tufts are fused with the capstde which is also thickened by 
amyloid. There is a marked diffuse increase of interstitial tissue. 
The great majority of the tubules are markedly atrophic. However, 
there are areas in which the tubules are widely and irregularly di- 
lated, evidently compensatory. There are frequent, small, focal col- 
lections of lymphocytes and plasma cells in the interstitial tissue. 
The arterioles show considerable thickening with amyloid and nar- 
rowing or obliteration of the lumens. The interlobular and arcuate 
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arteries show fairly marked medial hypertrophy with subendo- 
thelial deposition of a lipoid substance. Other arteries of the same 
size show complete obliteration of the normal architecture with a 
fibriUar acellular tissue, probably hyalinized connective tissue (Fig. 
6). In some areas there are calcific deposits in the medulla, which 
seem to have replaced tubular epithelium. 

Suprarenal: Sections show almost complete replacement of cortex 
and medulla by amyloid material. There are occasional small 
islands in the zona glomerulosa and in the medulla which are spared, 
but these show extensive degeneration. Within the cortex there are 
occasional calcific plaques. 

Pituitary: The anterior portion contains a few, small, irregular 
cysts filled with amorphous, pink-staining material and lined by a 
single flat layer of basophilic or eosinophilic cells. There seems to be 
a slight increase of basophilic cells. 

Comment 

This case presents several unusual features. The only infection 
was chronic arthritis, which was not suppurative, with ankylosis of 
one joint. At the time the complicating parotiditis occurred, evi- 
dence of uremic symptoms were manifest. Amyloidosis in a child of 
16 years is in itself rare. Amyloid was deposited in the kidneys, 
suprarenals and liver. The severity of the amyloid deposition in the 
kidney led to marked renal insufficiency and hypertension, and the 
patient died of uremia. Uremia, complicating amyloidosis of the 
kidney, has been observed not infrequently, but it is beyond the 
scope of this paper to review this problem. 

Case 3, S. S., female, aged 63 years, admitted April 13, 1933, complaining of 
progressive asthenia, constipation and anorexia, and loss of 50 pounds in weight 
during the preceding 2 years. During this period she had frequent attacks of 
diarrhea with watery and bloody stools accompanied by rectal tenesmus. For 
some time prior to admission she complained of severe headaches and a year 
before admission to the hospital had suffered a temporary loss of memory asso- 
ciated with mental confusion and disorientation, which at the time was attrib- 
uted to a cerebral insult. For 6 months she had complained of epigastric pain. 
At another institution signs of congestive heart failure, pulmonary edema, right 
hydrothorax and a gaUop rhythm had been found. The electrocardiogram 
showed a cove plane Ti. The blood urea was 30 mg. 

On admission to the hospital there was slight cyanosis of the lips, moderate 
dyspnea and the carotid arteries were markedly sclerotic and tortuous. The 
heart was enlarged to the left. A systolic apical murmur was heard at the apex 
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and gallop rhythm was present; the apical primary sound w’as reduplicated. 
The superficial peripheral vessels were sclerotic. The epigastrium v/as tender and 
the liver edge was felt three fingers below the costal margin. A midJine lov/ ab- 
dominal scar was present. The blood pressure v/as 122/86. The fundi showed 
narrow shiny vessels, degenerative changes in the macula attributed to anemia. 

On fluoroscopy the heart was horizontal, the left ventricle moderately en- 
larged; the other chambers were thought not to be enlarged. The ascending limb 
of the aorta was elongated, the supraventricular portion dilated, the entire de- 
scending h'mb being greatly dilated with a circumscribed bulge in its middle 
third. The aorta gave a picture suggestive of locah'zcd aortic aneurysm. Small 
pleural effusions were found at both bases. 

Thoracentesis had to be repeatedly performed, with removal of from 700 to 
1000 cc. of fluid from each side. 

On June 17, 1933, 2 months after admission the patient complained of sub- 
sternal oppression and dyspnea. Tlic liver edge was felt two fingers below the 
costal margin. The fluid reaccumulated so that thoracentesis had to be repeated. 

Progressive azotemia appeared and vomiting continued. The urea nitrogen, 
w'bich was 34.6 mg. per 100 cc. on admission, rose to 101.6 with a creatinine con- 
centration of 10 mg. per 100 cc. ; blood proteins were reduced, the serum albumin, 
being 2.76 mg. per cent, globulin 1.90 mg. per cent, the blood serum calcium 7.9 
mg. per cent, phosphorus 8.7 mg. per cent, and the blood COj 35 cc. per 100 cc. 

Generalized anasarca became more marked and on July 27, 1933, the patient 
developed a marked tachycardia, which by electrocardiogram proved to be au- 
ricular flutter with a 2:1 block. The same day an impure flutter wdth fibrillation 
appeared. On 22 cat units of digitah's regular rhythm was restored wdthin 48 
hours. 

Despite treatment edema persisted and simultaneously the total blood pro- 
teins were further reduced to a serum albumin of 2.53 mg, per cent and a glob- 
ulin of 1,46 mg. per cent. The blood urea rose to 109,2 and the creatine to 11.3 
mg. per cent. 

On Sept. 4, 1933, she had a generalized convulsion and foUovdng the convul- 
sive seizure was comatose, had a tachycardia, and the blood pressure fell to 
82/55. A few minutes later, however, she came out of the coma, was incontinent 
of urine, became very weak, vomited and died suddenly on Sept. 5, 1933. 

The clinical diagnoses were (?) carcinoma of the gastro-intestinal tract, coro- 
nary artery disease and vascular renal disease with uremia. 

Postviortem Examination 

The anatomical diagnoses were amyloid contracted kidneys; 
thrombosis of renal veins (bilateral); generalized arteriosclerosis; 
aneurysm of descending aorta (arteriosclerotic); atherosclerosis of 
coronary arteries with occlusion of left anterior descending branch; 
healed myocardial infarction of left ventricle and interventricular 
septtim; mural thrombus of left ventricle; chronic passive congestion 
of liver and spleen; adenomas of thyroid; ulcers of duodenum, and 
bilateral hydrothorax. 

The body was that of a poorly nourished and poorly developed. 
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elderly white female about 155 cm. in length, moderately emaciated 
and in semirigor with moderate edema of arms, lower extremities 
and back, and with slight cyanosis of lips and finger tips. There were 
some moderately firm adhesions of omentum to the parietal peri- 
toneum of the anterior abdominal wall. About 100 cc. of clear yellow 
fluid were present in the pelvis. The uterus was retroverted, and the 
tubes were matted in a mass of adhesions to the rectal wall of the 
cul de sac. The diaphragm was at the level of the fourth space on the 
right and at the fifth space on the left. Each pleural cavity contained 
about 1500 cc. of clear, amber-colored serous fluid. 

Heart: The measurements were: pulmonic ring 7.5 cm., aortic 
ring 7 cm., mitral ring 8.5 cm., tricuspid ring ii cm., left ventricular 
wall 17 mm., right ventricular wall i to 2 mm. There were no ad- 
hesions. The right border was made up entirely of right auricle. 
There was a marked increase in amount of epicardial fat over the 
right side of the heart. The organ was soft and flabby. The apical 
region of the left ventricle and lateral surface adjacent to it sank in 
so that a depressed area 3 cm. in diameter was visible on this lateral 
aspect of the left ventricle. The myocardiiun was grayish red with 
many fine gray streaks throughout. There was marked thinning of 
the myocardium in the lower half of the interventricular septum and 
in the lateral aspect of the left ventricle and the apical region cor- 
responding to the depressed area on the surface. Adherent to the 
lower half of the interventricular septum in the left ventricle was a 
firm, grayish pink, oval mass about 3.5 by 2.5 cm. protruding sh'ghtly 
into the ventricular cavity. It cut with ease and in the depths ad- 
jacent to the thinned-out muscle it was broken-down and yellow. 
At the junction between the adherent clot and the thiimed myocar- 
dium was a fine layer of firm, yellow, apparently calcified material. 
The endocardium of the entire left ventricle was markedly thick- 
ened, white and opaque. Gray streaks were visible through the 
endocardium of the right ventricle over the region of the interven- 
tricular septum. There was no hypertrophy or dilatation of any of 
the chambers. The valve leaflets of the tricuspid, aortic and pul- 
monic valves were normal. The aortic leaflet of the mitral valve was 
thickened by a raised, yellow, atherosclerotic plaque. There was 
slight thickening at the base of the mitral valve leaflets. 

The coronary arteries were thickened and tortuous. There were 
raised, calcific, atherosclerotic plaques in their walls. The anterior 
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descending branch of the left coronary was markedly narrowed in its 
proximal third and in one area completely occluded by a yellowish 
calcific mass which contained a fine recanalized lumen. 

Lungs: Both were rather small, having been compressed by fluid. 
They were crepitant throughout, mottled grayish black and cut 
with ease. The cut surface was reddish gray. In several small 
branches of the pulmonary artery there were adherent, grayish 
yellow, firm clots. 

Liver: The liver weighed 800 gm. and measured 19 by 17 by 7 cm. 
The organ appeared smaller than normal, was firm and of a light 
brown color. The capsule was smooth and cut with normal resist- 
ance, revealing well defined hepatic markings with alternating brov/n 
and yellow streaking. Am3doid test with iodine was negative. 

Spleen: The spleen weighed 100 gm. and measured 9 by 7 by 3 
cm. The organ was small, firm and rubbery and cut with increased 
resistance, revealing a reddish purple cut surface with distinct mark- 
ings. The pulp did not scrape away. The amyloid test was negative. 

Kidneys: Each weighed 100 gm. and measured 8 by 3.5 by 2 cm. 
The cortex measured 3 mm., the medulla ii mm. The organs were 
small and firm, and the capsule stripped easily, revealing a finely 
granular, gra3dsh pink and yellow surface. They cut with resistance, 
the cut surface showing a ground-glass, yellowsh pink appearance. 
The markings were poorly defined, the cortex was narrow and poorly 
differentiated from the medulla. The small vessels gaped shghtly. 
Arcuate veins were occluded by gra3dsh pink, firm clots. There was 
a strongly positive amyloid test with iodine. The pelves and ureters 
were normal. Both renal veins were occluded by grayish pink, 
moderately firm material. Occluding tissue extended into the veins 
of the parenchyma but did not extend out to the junction of the renal 
vein with vena cava. 

Pelvic Organs: The tubes were adherent to the posterior waU of 
the cul de sac. The ovaries could not be definitely located but they 
may have been incorporated in the adhesions. Uterus and bladder 
were normal. 

Thyroid: Of normal size and shape, weighing 22 mg. At the lower 
pole of the right lobe was a hard mass 2.5 cm. in diameter, apparently 
encapsulated, which on cut section was yellow and quite firm. The 
thyroid tissue was pink and contained numerous small, grayish pink 
nodules, which were softer than the surrounding parenchyma. A 
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few of these contained grayish fluid. Others were solid, and a few 
were stony hard. 

Blood Vessels: The entire aorta was inelastic and was the seat of 
marked atherosclerotic changes. The ascending portion was dilated 
from above its origin to the arch, forming a slight pouch. In this 
region the aorta was elastic and contained relatively few raised yel- 
low flecks. The arch and openings of the cephalobrachial vessels 
showed more numerous raised areas, a number of which were firm 
and hard. The descending aorta from the arch into the vessels of the 
lower extremities was markedly thickened and there was very little 
normal intima visible. The intima was replaced by yellovdsh hard 
plaques and shallow, irregular ulcerated areas covered with dot and 
irregular, hard, shell-like flattened tissue. At the region of bifurca- 
tion calcification and ulceration were most marked. In the midpor- 
tion of the descending thoracic aorta was a knob-like protrusion to 
the left, about 4.5 by 3 cm. This pouching of the aorta was made up 
of the outer coats of the artery and was filled with an old, lamellated, 
partly organized thrombotic mass. The large branches of the aorta 
were all thickened and tortuous, especially the renal and splenic 
arteries which were bony hard. The splenic artery turned upon itself 
so that it formed a “snail shell’’ structure. The mesenteric arteries 
showed very slight atherosclerotic thickening but no occlusion. The 
inferior vena cava was normal. There was moderate atherosclerotic 
thickening of the smaller pulmonary vessels and a few grayish dots 
in the small arteries. 

Pituitary: The organ was mudi smaller than normal. 

Brain: Grossly normal. In the left occipital cortex there was a 
small area suggesting a mild scarring. All the vessels showed 
marked arteriosclerotic changes. 

Amyloid was demonstrable in the kidneys, liver and spleen. 

M icroscopic 'Examination 

Liver: Fatty change is seen in the liver cells, particularly in the 
periportal region. Slight congestion of central veins is present. 
Walls of arteries contain amyloid, as detected by Congo red stain. 

Spleen: The follicles arc not prominent. Arterioles of mal- 
pighian bodies arc markedly thickened, the lumens narrowed. 
Tliere is hyalinization of tlie walls of many of the vessels. The pulp 
shows a considerable degree of congestion and marked increase in 
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connective tissue. The malpighian arterioles contain amyloid and 
scattered throughout are streaks of amyloid. 

Suprarenal: A considerable amount of lipoid accumulation in 
fascicular and glomerular layers is present. There is a large quantity 
of amyloid in the cortex, which in places extends beneath the endo- 
thelium of the capillaries and is accumulated in large quantities, 
obliterating the cellular structure of the parenchyma. 

Heart: Extensive scar tissue formation in the myocardium with 
replacement fibrosis of muscle is present. Hypertrophy of muscle 
fibers is moderate. Section through the left ventricle in the region of 
the lamellated thrombus shows extensive fibrosis of myocardium, 
vacuolization of muscle fibers with hypertrophy of remaining cells. 
Marked fibrous thickening of endocardium is seen. Overlying the 
endocardium, and partly attached to it, is a pink-staining material 
containing large calcific plaques. Some degree of organization is 
present at the base of the thrombotic mass. 

Kidney: The glomeruli are entirely replaced by a pink-staining, 
acellular, amorphous material. Ghosts of glomeruli are seen. 
Many of the glomeruli are small, irregular or completely destroyed 
with not a single intact glomerulus in the sections. There is a marked 
increase in interstitial connective tissue with a varying degree of 
atrophy of involved tubules. In some areas the tubules are dilated 
and filled with pink-staining material. In other areas they are re- 
duced to a fine lumen and flattened epithelium. There are areas of 
roimd cell infiltration in the interstitial tissue. The arterioles are 
thickened, the lumens reduced in size, and the walls are replaced 
with a homogeneous material, which stains deeply with Congo red. 
Amyloid is fomid also in the medulla beneath the epithelium of the 
tubules. 

Aorta: There is marked thickening of the intima with replacement 
fibrosis of connective tissue which is extensively hyalinized. The 
intima shows numerous cholesterin crystal spaces and areas of cal- 
cification which extend into the media. 

Comment 

Several interesting features are present in this case. The history 
was unusual in that the progressive loss of weight, asthenia, anorexia 
and abdominal pain suggested an intra-abdominal neoplasm. The 
X-ray of the chest was further misleading in that a localized arterio- 
sclerotic aneurysm in the descending aorta simulated a primary 
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maKgnant growth. The hydrothorax requiring repeated thora- 
centesis, the gallop rhythm, the edema of the dependent parts and 
the hepatic enlargement fit into a picture of congestive heart failure 
associated with extensive myocardial infarction and are probably 
unrelated to the amyloid disease. It is noteworthy that the amyloid 
disease, as in Case 2, was practically limited to the kidneys and was 
sufficiently severe to cause uremia and a marked reduction of blood 
proteins simulating a picture of a nephrosis. There is no apparent 
etiological factor present, indicated either by the history or by the 
autopsy findings, for the amyloid disease. 

Discussion 

The frequent association of the deposition of amyloid material in 
the various organs with chronic suppurative processes led to the con- 
ception that this metabolic disturbance is dependent on continued 
destruction of tissue protein. The nature of amyloid material was 
investigated by many workers.® The protein nature of amyloid was 
pointed out by Friedreich and Kekule ^ in 1859 and substantiated by 
Kiihne and Rudneff ® in 1865. It was found that amyloid organs 
contain chondroitin-sulphuric acid. On the basis of this observation 
Krawkow ® devised a method for the extraction of amyloid and found 
it to be a compound of protein with chondroitin-sulphuric acid. 
This view was contradicted by the work of Hanssen,^® who studied 
amyloid isolated mechanically from sago spleens in pure form, and 
found that this material contained no chondroitin-sulphuric acid, 
although the amyloid organs contained an excess of sulphur as sul- 
phate. Eppinger analyzed chemically the amyloid obtained from 
a solitary amyloid mass in the liver. He found that the dried ma- 
terial yielded no phosphorus and no sulphur but contained purines, 
diamino acids, much tyrosine and no carbohydrate. Of the amino 
acids present, glycocoll and phenylalanine, tyrosine, leucine and 
alanine comprised 42 per cent, arginine 14.67 per cent, tryptophane 
4.41 per cent, glutamic acid and asparaginic acid 13.08 per cent. 
No cystine or histidine was present. 

Experimentally it has been shown that the injection of bacteria 
such as staphylococci and various culture filtrates, and chemical 
agents such as sodium caseinate, may produce extensive amyloid 
disease in the spleen, liver or other organs of mice. Even the injec- 
tion of tuipentine with the production of a sterile abscess may call 
forth an amyloid reaction. 
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Kuczynski/2 who succeeded in producing amyloid disease in mice 
by the injection of 5 per cent sodium caseinate solution, also found 
it could be produced by the feeding of proteins. These findings 
were confirmed by many investigators, 

Letterer observed amyloid deposition in mice by the injection of 
egg-white, gelatin, nuclein, zein, peptone, casein-peptone and 
Witte’s peptone. He concluded that many parenterally injected 
proteins may give rise to amyloid. He further found that amyloid 
disease could be produced in a few days by implantation of a piece of 
sterile mouse spleen or liver into the peritoneum. 

The ease of production of amyloid disease in mice and the frequent 
spontaneous occurrence in this animal, as mentioned by Wells,^^ cast 
some doubt on the validity of the conclusions drawn from such ex- 
perimental studies. 

Considerable controversy has arisen concerning the reversibility 
of amyloid disease. In view of the cases reported, both in this and 
in other communications of amyloid unassociated with apparent 
suppuration, this question is of considerable importance. Leu- 
pold® demonstrated that amyloid deposition may be a reversible 
process. Kuczynski believed that amyloid may be digested by the 
endothelial cells of the liver. He found these cells in mice filled with 
amyloid after the injections of the caseinate used to produce this 
process had been discontinued. Morgenstem confirmed this' ob- 
servation in amyloidosis produced by parenteral injections of al- 
bumin. He produced typical amyloidosis in 25 to 50 days in white 
mice. In other studies Morgenstem gave nutrose to white mice 
for 30 to 40 days and confirmed the presence of amyloid in the liver 
by biopsy. Biopsies were again taken 2 weeks after the injections 
were discontinued. After many months the animals were killed. 
The amyloid showed marked regression after 2 months. The de- 
posits were surrounded by a granulomatous tissue containing fibro- 
blasts, occasional giant cells and newly formed capillaries. Much less 
amyloid was apparent after 3 months. Four months after the in- 
jections had been discontinued complete resorption and disappear- 
ance of the amyloid occurred in some cases. He concluded that if 
the cause of the amyloid disappears, the amyloid deposits will 
disappear also. 

Dantchakow also observed the absorption of amyloid in mice 
2 months after discontinuing the injection of staphylococci. She 
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noted, however, that if the amyloid deposits were considerable, they 
were still present 6 months after the injections were discontinued, 
and she believed that amyloid was not resorbed if present in large 
amount. 

It is conceivable that in the cases reported in this communication 
in which no apparent source of suppuration had been found that 
some previous suppurative process initiated the disturbance in pro- 
tein metabolism. This, however, would seem imlikely. There have 
now been reported in the literature at least 6 other cases of diffuse 
amyloidosis in the absence of any suppurative process. It would 
seem likely that under certain conditions a fundamental disturbance 
in protein metabolism may occur which results in this abnormal de- 
position of an unusual protein. It would be interesting to investigate 
whether the diet plays any role in such a disturbance in human 
beings. 

Summary and Conclusions 

Three imusual cases of amyloid disease are reported in which an 
etiological factor was not demonstrated. The first was a female, 53 
years of age, with extensive amyloid disease of the heart, tongue, 
gastro-mtestinal tract and other organs, who died of congestive 
heart failure. The second case was a female, 16 years of age, with ex- 
tensive amyloid deposits in the kidneys, liver and suprarenals, who 
died of uremia. She had an ankylosis of one joint without any evi- 
dence of suppuration. The third case was a female, 63 years of age, 
with amyloid contracted kidneys, who eventually died in uremia. 
She had a severe coronary sclerosis with an old occlusion of the de- 
scending branch of the left coronary artery and a healed infarction 
of the left ventricle. The amyloid disease was limited to the kidneys. 

In view of the absence of any apparent suppuration it is suggested 
that this peculiar disturbance in protein metabolism may be inde- 
pendent of tissue destruction. 

Addenda: After this article had been completed, Budd reported a 
case of primary amyloid disease of the heart in the American Journal 
of P athology, 1934, 10, 299. In this case there was an extensive car- 
cinoma of the prostate with extension into the bladder and surroimd- 
ing tissues, a pyonephrosis and an acute endocarditis. 
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DESCRIPTION OF PLATES 
Plate 10 

Fig. I. Case i. Eddney. Cut surface showing narrow indistinct cortex and 
waxy appearance. 

Fig. 2. Case i. External surface of kidney showing contraction and coarsely 
granular smfface. 

Fig. 3 . Case i. Tongue, showing macroglossia. 
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Platk II 

Fig. 4. Case i. jMicroscopic section of the heart showing amyloid infiltration. 
X 240. 
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Plate 12 

5. Case I. Microscopic section of the tongue showing amyloid infiltration 
of the muscle, x 240. 

Fig. 6. Case 2. Microscopic section of the kidney showing severe amyloid in- 
filtration. X 240. 
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SUBACUTE LYMPHATIC LEUKEMIA 
HISTOGENETIC STUDY OF A CASE WITH THREE BIOPSIES 


J. Stasney, M.D., AND Hal Downey, Ph.d. 

{From the Hematological Laboratory, Department of Anatomy, University of Minnesota, 

Minneapolis, Minn.) 


The problem of the histogenesis of lymphatic leukemia still has 
many imsettled points. Therefore, it seemed of interest to follow 
the development of a case of lymphatic leukemia from the earliest 
stage. The pathologist usually has the opportunity to examine only 
material from advanced stages showing the pathological changes at 
the moment of death. We had the opportunity to observe a case of 
subacute lymphatic leukemia and to obtain biopsied inguinal lymph 
nodes at three different periods during the progress of the disease. 
These nodes show different stages in the development of the histo- 
pathology that is so characteristic of the postmortem material. 
They also explain important changes in the blood picture which oc- 
curred during the progress of the disease. 

The hematopoietic activity of the reticulum was repeatedly em- 
phasized by Maximow, ^ Downey and Weidenreich,^ Klemperer,^ and 
others, and recent hterature gives increasing data regarding the 
participation of the reticulum in the leukemic process. The best 
evidence for this is in the so-called leukemic reticulo-endotheliosis, or 
monocytic leukemia of the Schilling type. Fineman,^ Tice and Jaffe,® 
and others also claim that this occurs in other types of leukemia. 
However, the postmortem material rarely shows any evidence to 
support this claim. Fineman’s ^ observations were made on biopsy 
material and he obtained good evidence for the derivation of the 
immature lymphocytes from the reticulum in a case of subacute 
l3miphatic leukemia. The three biopsies and the postmortem ma- 
terial of the case which is reported here seemed to furnish ideal 
material for the further study of this question. 


* Received for publication July i6, 1934. 
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Report or Case’^ 

Clinical History: The patient was a white male, 6 years of age. The history 
obtained from the parents on admission was as follows. Chief complaints v/ere 
pallor, weakness, cpistaxis, and generalized lymphadenopathy of 6 months dura- 
tion. In July, 1933, bleeding from the left nostril occurred, continuing for 
3 days. He was studied in another hospital a few weeks prior to admission and 
the diagnosis of lymphatic leukemia was made. Three deep X-ray treatments 
were given, the white cell count varying in the meanwhile from 40,000 to 21,000. 
Three days prior to admission to the University Hospital epistaxis began again 
and the patient was admitted in an extremely dehydrated condition. 

Physical examination revealed a very anemic boy with marked dyspnea. 
Both ears showed a profuse, purulent i'seharge. The neck showed bilateral 
cervical adenopathy. The chest organs were without abnormalities. The spleen 
was markedly enlarged, extending below the costal margin. The liver was not 
felt. 

Blood Examination: On admission the hemoglobin was less than 10 per cent, 
red blood cells 800,000, white blood cells 10,000. The blood smear disclosed a 
marked anisocytosis, poikilocytosis and hypochromasia. The neutrophil leuko- 
cytes showed marked toxic changes. There were occasional immature lympho- 
cytes and large reticulo-endothelial cells. 

The patient received seven blood transfusions within the next 14 days and 
responded with a marked improvement, the hemoglobin rising to 51 per cent. 

Because the blood examinations revealed many large reticuJo-endotheh'al 
cells in addition to the mature and immature lymphocytes, a right inguinal 
lymph node was removed on Jan. 6, 1934, for the purpose of clearing up the 
diagnosis. The lymph node was enlarged. The imprint preparation of the node 
showed the presence of immature lymphocytes, and sections revealed a marked 
hyperplasia of the reticulum. 

During the following 2 months the patient was able to be up and around and 
seemed to be experiencing a remission. The white cell count ranged around 
35,000, with 96 per cent lymphocytes, the majority of which were of the im- 
mature type. The blood picture therefore indicated a diagnosis of lymphatic 
leukemia, while the lymph node of the first biopsy material revealed only a 
marked h5fperplasia of the reticulum. 

On Feb. 7, 1934, a second biopsy of a left inguinal lymph node was performed. 
A markedly enlarged node measuring 2 by 1.5 by i cm., hard, with a pinkish 
gray transparent cut surface was removed and examined. Feb. 27, 1934, a third 
biopsy was performed, with essentially the same findings. A few weeks later the 
patient became very weak, the temperature rising to 105°. He ako developed 
eruptions over the entire body. Additional blood transfusions were given with- 
out results and the patient died quite suddenly March 8, 1934. 

PosiMORTEM Examination 

The report of the findings is restricted to the pathological changes. 
Autopsy was performed 15 minutes after death. 

* For the case report and the use of material we are greatly indebted to Professor 
I. McQuarrie, Head of the Department of Pediatrics, University Hospital. 
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The body is that of a poorly developed, undernourished white 
male, 6 years of age. The skin is markedly anemic. Multiple pete- 
chiae are present on the trunk, but are most numerous on the back. 
There is a slight discharge in the left ear. The Hver is markedly en- 
larged, reaching almost to the iliac crest. The heart is slightly en- 
larged. The muscles of both ventricles are flabby. Multiple small 
nodules are scattered in the lungs. The spleen weighs 440 gm., is 
quite hard and shows indistinct follicles. The liver weighs 1425 gm., 
is hard, and on the brownish red cut surface numerous pin-head- 
sized yellowish areas are seen. Generalized lymphoadenopathy is 
present. Both kidneys are pale and flabby with numerous petechiae. 

Anatomical Diagnoses: Edema of lungs, subacute lymphatic 
leukemia, bilateral otitis media suppurativa. 

Microscopic Examination 

The liver presents massive subcapsulary and portobiliary infiltra- 
tion of mononuclear cells with basophilic cytoplasm. The sinusoids 
are relatively free of the infiltration. In the spleen the malpighian 
bodies are markedly enlarged; some areas are normal, but most 
of the organ shows complete obliteration of the structure with an 
overgrowth of cells. The lymph nodes in the mesenteric region 
present uniformly dense masses and branching cords of cells. The 
kidneys are extensively infiltrated. The lungs show marked edema. 
There is a small area of peribronchial infiltration. 

Study of the Blood 

Blood examination on admission showed hemoglobin less than 
10 per cent, red blood cells 800,000, white blood cells 10,000. The dif- 
ferential count was eosinophils o per cent, basophils o per cent, band 
forms o per cent, segmented cells 35 per cent, lymphocytes 58 per 
cent, monocytes o per cent, reticulo-endothelial cells 7 per cent. 
Marked anisocytosis, poikilocytosis and hypochromasia were pres- 
ent. The segmented leukocytes showed marked toxic changes. Daily 
examination of the blood revealed the presence of large reticulo- 
endothelial cells and some immature lymphocytes. These large 
reticulo-endothelial cells in smears stained with May-Griinwald- 
Giemsa were characterized by abundant, pale bluish cytoplasm con- 
taining some yellovdsh hyaloplasm in very small vacuoles, and a 
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relatively small nucleus with a fine and regular chromatin network 
and distinct parachromatin, with more or less indistinct nucleolus. 
In many instances the leptochromatic nuclear pattern of these large 
cells had become coarser, so that the nucleus resembled the nucleus 
of a Ijonphocyte, while the cytoplasm was still of reticulo-endothelial 
type (Figs, i, 2 and 3). Cells having a distinct lymphocytic nucleus, 
but with cytoplasm of reticulo-endothelial type like the cell shovm 
in Figure 4, were also found. 

Sixty to 85 per cent of the lymphocytes were of immature type. 
These immature lymphocytes, when stained with May-Griinwald- 
Giemsa (Pappenheim), were characterised by a large nucleus and a 
small amount of definitely basophilic bluish cytoplasm. The nucleus 
presented an extremely fine and regular chromatin network and an 
abundant and distinct parachromatin, which was composed of nu- 
merous, fine, minute rounded granules embedded in a continuous 
mass of chromatin (leptochromatic structure, as shown in Fig. 5). 
These immature cells often possessed definite nucleoli. The imma- 
turity in many instances was so marked that it was not possible to 
tell the direction of the differentiation. Occasionally the presence of 
immature cells with very fine nuclear pattern, having one or two dis- 
tinct nucleoli and definitely basophilic cytoplasm (lymphoidocyte 
of Pappenheim, myeloblast of Nageli) was noted. Similar cells hav- 
ing azure granules in the bluish cytoplasm and possessing a lepto- 
chromatic nuclear pattern, but without any definite nucleoli (leuko- 
blasts of Pappenheim), were also present. 

Numerous normal lymphocytes were always present. However, 
many of the mature lymphocytes presented atypical features, such 
as abundant cytoplasm, staining a very pale or deep bluish color, 
and a nucleus with rather heavily condensed chromatin masses 
(plasma cells). Occasionally nucleated red cells were present. 

Study oe the liCPniNT Preparations of the 
First Biopsied Lymph Node 

With imprint preparations tissue cells are studied imder the same 
conditions and with the same technique as that used for blood 
smears. Blood cells are usually studied in smears where they are 
spread out in a thin film, while tissue cells are studied in sections 
where they preserve their original stereometric form. It is therefore 
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difficult to compare the cells of sections with those of the blood 
smears, and this might explain those numerous incongruities in the 
comparison of peripheral blood cells with the tissue cells. To demon- 
strate any transitional forms between certain types of tissue cells 
and cells of the peripheral blood, one will need good imprint prepa- 
rations. The technique of these imprint preparations is briefly as 
follows. The freshly cut surface of a small piece of tissue is touched 
very gently to a perfectly cleaned slide, without any pressure or 
smearing. The slides are dried rapidly by whipping through the air 
and shrinkage is thus avoided. The May-Griinwald-Giemsa stain- 
ing technique will give the best results in i| or double concentration 
of Giemsa’s stain because of the large number of cells. Such prepa- 
rations were made from all three biopsied nodes and from the au- 
topsied material. 

Microscopic examination of the imprint preparations of the first 
biopsied node shows a few lymphocytes with narrow cytoplasm and 
a large leptochromatic nucleus having definite nucleoli. Numerous, 
large, reticulo-endothelial cells similar to those described in the 
peripheral blood are also present. The immature lymphocytes in 
many instances contain vacuoles in the cytoplasm and some show 
sharp indentations of the nuclear membrane. 

Study of Imprint Preparations from the Second and Third 

Biopsied Lymph Nodes 

These preparations present many immature lymphocytes (Fig. 6) 
wliich have the same leptochromatic nuclear pattern and narrow 
cytoplasm as those seen in the blood smears (Fig. 5). 

Descrh’tion of the Microscopic Findings of the Lymph Node 

FROM THE First Biopsy 

The node from tlie inguinal region was enlarged, measuring 
1.5 by I by 0.5 cm. It was soft and dark grayish pink in color. The 
cut surface was uniformly grayish pink and showed minute hemor- 
rhagic areas. 

Microscopic examination show’s that the normal structure of the 
Ijonph node is entirely obliterated; the entire structure is looser 
and tlic sharp difference between cortical and medullary portions 
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has disappeared. In the cortical portion only one or two follicles 
are recognizable; other follicles have entirely disappeared. There 
are places, however, where only small conglomerations of lympho- 
cytes represent the renmants of follicles. The predominating type of 
cells shows syncytial arrangement (Fig. 7). These cells are char- 
acterized by a long oval and slightly acidophilic cytoplasm having 
an oval nucleus with little chromatin (Fig. 8), and seem to be at- 
tached to a syncytial network. There are places, however, v/here the 
attachment is looser and the cells are more rounded and have a more 
basophilic cytoplasm. Between these cells there arc numerous, free 
round cells with markedly basophilic cytoplasm and heavily stained 
nucleus with conspicuous nucleoli. These cells are probably im- 
mature lymphocytes. The sinuses in the cortical portion are wid- 
ened and filled with red cells and lymphocytes. 

Description of the Node from the Second Biopsy 

This biopsy was performed 4 weeks after the first biopsy. A 
markedly enlarged node measuring 2 by 1.5 by i cm. was removed 
from the inguinal region. It was soft and grayish red in color. The 
gra3dsh pink cut surface was uniformly transparent. 

Microscopic examination reveals a node that is extremely rich in 
cellular elements, especially in the medullary portion. The normal 
structure is entirely obliterated. The sinuses and intersinusoidal 
spaces are crowded with a dense mass of cells. These cells are char- 
acterized by a relatively large basophilic cytoplasm and a large 
nucleus with a dense chromatin network and are no longer arranged 
in a S3mcytial network. They seem to be immature leukemic 
lymphocytes. 

In the cortical portion there are still fairly well defined follicles 
with light germinal centers containing numerous, large, oval reticu- 
lar cells with pale nuclei, and scattered between these are many 
large lymphocytes with heavy chromatin particles and a conspicu- 
ous nucleolus. The peripheral portion of these follicles is composed 
of small dark lymphocytes, which are sharply demarcated from the 
surrounding dense mass of immature leukemic cells. Figure 9 is 
taken from a well preserved cortical germinal center. It shows 
clearly that the central portion is composed mainly of large reticular 
cells and that the narrow marginal portion is composed of small 
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l3rmphocytes with dark nucleoli which separate the germinal center 
cells from the leukemic lymphocytes. Except for the narrow margi- 
nal band of small lymphocytes the follicle and its germ center is of 
normal structure, and there is no evidence to indicate that the im- 
mature leukemic lymphocytes located in the interfollicular and 
medullary portion of the node have originated from the normal 
lymphocytes of the follicles or from lymphoblastic germ center cells, 
as claimed by many authors. 

Discussion 

Despite the mass of literature on the subject, the origin of lympho- 
cytes in postfetal life is still a debated question. According to 
Maximow,^ Danchakoff,® Weidenreich,^ and Thiel and Downey,^ the 
mesenchymal S5mcytium gives rise during embryonic life to all the 
different blood cells, including the lymphocytes. There are many 
different views concerning the regeneration of the lymphocytes in 
postfetal hfe. Kelly,® Nageli,^® and others, maintained that regen- 
eration was homoplastic, meaning that lymphocytes give rise to 
other lymphocytes. Weidenreich,^ Downey and Weidenreich,® 
Maximow,^ and others believed in the heteroplastic form of regen- 
eration, claiming that the fixed ceU can give rise to lymphocytes 
throughout life. Concerning this fixed cell there are also quite dif- 
ferent views expressed by difi'erent authors. While Downey and 
Weidenreich ® spoke of reticulum, which possesses universal poten- 
cies, Marchand claimed that the periadventitial cells have em- 
bryonic potencies. 

The localization of lymphocytic regeneration is stfil a point of dis- 
agreement. Flemming regarded the clear centers of the foUicles as 
germ centers on account of the numerous mitotic figures which they 
contained. Maximow ^ spoke also of the resting and active phase of 
germ centers. Flemming’s theory was opposed by Marchand,^^ who 
pointed out the sharp demarcation line between the light central 
zone and the dark marginal portion and claimed that there are, 
therefore, no transitional forms between the small l3mphocytes and 
the large cells. Heilman,^® in a series of papers, urged against the 
Flemming theory that there is a quantitative disharmony between 
the light central zone and the dark marginal portion. One can fre- 
quently observe large germ centers with numerous mitotic figures 
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and very small or no marginal portion. He emphasized the fact that 
in cases of lymphatic leukemia with enormous lymphocytic pro- 
duction the light areas of the follicles have disappeared, while in 
certain infectious conditions there is a marked increase of germ 
centers without simultaneous increase of lymphocytes in the periph- 
eral blood. Heiberg pointed out that the germ centers often con- 
tain numerous pyknotic nuclei and evidences of phagocytosis (tingi- 
ble bodies). Most authors believe that the germ center has a double 
function, regeneration and defense. Under normal conditions the 
germ center gives rise to lymphocytes, but under the influence of 
excessive demands the supply of lymphocytes in the normal sites of 
their formation may become exhausted. This leads to heteroplastic 
formation of l3mphocytes from the tissue which retained its embry- 
onic potencies. 

It is known that a uniform syncytial structure characterizes the 
embryonic l3mphatic tissue, w^hich in the early development con- 
sists only of mesenchymal cells. Maximow,^ Downey,^ Marchand “ 
and Klemperer ^ emphasized the morphological similarity between 
embryonic and adult reticulum, which suggests the possibility that 
the reticulum may still retain the early embryonic potencies. Maxi- 
mow^ distinguished betvi'’een undifferentiated mesenchymal cells 
and reticulo-endothelial cells, which latter he considered as more or 
less differentiated cells. However, this distinction was on a func- 
tional basis, because there are no sharp morphological differences. 
Marchand believed the periadventitial cells had universal poten- 
cies, while Herzog recently divided them into two groups of peri- 
vascular cells, one of which was already differentiated along the 
histiocytic line (Marchand’s clasmatocytes), while the other one is 
stiU multipotent (Zimmermann’s pericytes. Maximow’s perivascular 
mesenchymal cells) . Von MoUendorff and his pupils claim to have 
proved that the fibrocytes in S3m(ytial arrangement in the loose con- 
nective tissue stUl have cmiversal potencies. Klemperer^ in 1932 
considered that the imdifferentiated mesenchyme of the adult organ- 
ism includes the fixed ‘‘cytoplasmic reticulum” of the myeloid and 
lymphoid tissue, and the perivascular cells of Marchand-Herzog. 
He also agreed with Maximow that the “cytoplasmic reticulum” is 
not absolutely identical, either morphologically or functionally, with 
the reticulo-endothelial system of Aschoff-Kiyono, which latter is 
already differentiated in the phagocytic direction. 
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The adult organism retains a multipotent tissue, which is able to 
give rise to any of the blood cells. This heteroplastic blood cell 
formation must become logically evident in leukemias where there 
is the most excessive demand for blood cell formation. Lympho- 
cytic regeneration in physiological conditions is still a debated ques- 
tion. Similarly, there is quite a disagreement regarding the sources 
of the greatly increased lymphocytes in lymphatic leukemia. 
Schridde maintained that the disappearance of the germinal cen- 
ters was due to the overgrowth of germ center cells. Nageli 
pointed out the fact, as a proof of the dualistic nature of the blood 
cells, that in myelogenous leukemia the process always starts out- 
side of the germ centers. However, in experimentally induced ex- 
tramedullar}’" myelopoiesis, Dominici,^® Bloom, and Lang showed 
definite evidence that myeloid transformation may start right in the 
centrum of the germ centers, suggesting that the omnipotent tissue 
is quite uniformly distributed in germ centers as well as in the pulp. 
Thiel and Downey,® Mollier and Ono ““ described tlie development 
of vascular and lymph sinuses within the reticulum of spleen and 
lymph nodes and proved that tlie flat sinus endothelial cells are 
direct descendants of the mesenchymal syncytium and that they 
retain their hematopoietic potencies. 

Maximow ^ gave evidence regarding the close relation of the 
free stem cells to the fixed reticulum cells. Ewald in a case of 
acute leukemia, in which 95 per cent of the white blood cells were 
more immature than the myeloblast, found a generalized hyper- 
plasia of the reticulum cells, and the desquamation of these immature 
cells was also noted. Fineman'’ obtained good evidence for the 
derivation of the immature l3Tnphocytes from the reticulum in a 
case of subacute lymphatic leukemia. Rossle^^ reported chronic 
lymphatic leukemia without any involvement of lymph nodes, but 
with a generalized leukemic infiltration of the skin, where the hyper- 
plastic reticulum was believed to give rise to the lymphocytes. 
Ungar^^ also observed a case of aleukemic lymphocytic reticulo- 
endotheliosis in which there was evidence for the origin of lympho- 
cytes from the fixed reticuliun. Recent careful studies of nmnerous 
cases of monocytic leukemia and of leukemic reticulo-endotheliosis 
clearly indicate the hematopoietic activities of the reticulum cells 
in the Schilling t3q)e, as well as in the Nageli type. Schwarz,^® 
Hittmair and many others also felt that the mesenchymal tissue 
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of the adult organism is able to respond to certain forms of stimula- 
tion with a marked mesenchymal cell production, Klemperer® 
recently claimed that not only in leukemias, but also in other patho- 
logical conditions (cirrhosis of the liver, Gaucher’s disease), can the 
derivation of hemocytoblast from the generalized syncytial reticu- 
lum be observed. Tice and Jaffe ® found in their studies of the histo- 
genesis of leukemias that tlie leukemic involvement, especially in 
stem cell leukemias, always starts in the medullary portion of the 
lymph nodes. 

Comment 

The case herein reported presented a marked hyperplasia of the 
reticulum in the biopsied lymph node from the earlier stage of 
the leukemic involvement. At the same time, in the peripheral 
blood there were quite a number of large reticulo-endothelial cells 
in addition to immature lymphocytes. In many instances these 
reticulo-endothelial cells showed a nucleus with a rather dense 
chromatin structure resembling a nucleus of a lymphocyte (Figs, i, 
2 and 3). In a later stage the second biopsy material showed that 
the medullary portion was packed with a dense mass of large im- 
mature lymphocytes, while the cortical region showed more or less 
well preserved germ centers (Fig. 9). The subsequent disappearance 
of the large reticulo-endothelial cells from the peripheral blood was 
also noted. It must be considered, therefore, that the first involve- 
ment of the leukemic process begins with a diffuse proliferation of 
the reticulum. Klemperer ® stated that the cytoplasmic reticulum, 
which is normally neutrophilic or slightly acidophilic, becomes 
more basophilic during its hematopoietic activities, and that the 
basophilia appears first in the perinuclear zone. The chromatin 
structure also becomes more condensed. That was also noted in 
our biopsy material stained with methyl green-pyionm (Urma- 
Pappenheim) . We foimd numerous transitional forms from reticulo- 
endothelial cells to large lymphoc3d;es in the imprint preparations 
and in the peripheral blood from the earlier stages, which later dis- 
appeared. In a later stage the medullary portion was entirely re- 
placed by a dense mass of large cells with basophilic cytoplasm. It 
was only in the cortical region where a few more or less well pre- 
served foUicles were retained. Simultaneously in the peripheral 
blood there was a marked increase of immature lymphocytes. This 
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finding again indicates that in the lymphoid tissue the mesenchymal 
syncytium is rather uniformly distributed and that lymphocyto- 
poiesis is not restricted to the germinal centers or to preformed germ 
center cells (lymphoblasts of the dualists). 

The evidence of extramedullary myelopoiesis in the medulla, as 
well as in germinal centers, the marked monocytic production in 
cases of leukemic reticulo-endotheliosis and finally the transforma- 
tion of the mesenchymal syncytial cells into lymphocytes, indicate 
the embryonic hematopoietic potency of the syncytial reticulum 
cells. 


Summary 

With three biopsies, taken at different times, the histogenetic de- 
velopment of a case of subacute l)anphatic leukemia was followed. 

In the early stages the lymph node from the inguinal region 
showed a diffuse hyperplasia of the S3mcytial reticulum cells. Many 
of these cells showed a beginning basophilia in the cytoplasm. At 
the same time the peripheral blood contained a number of larger 
cells with a cytoplasm that is characteristic of the reticulo-endo- 
thelial cell, but with a nucleus of lymphocytic pattern, indicating 
the heteroplastic origin of lymphocytes from the reticulum. 

The later biopsy material from an inguinal lymph node presented 
a dense mass of immature l3miphocytes in the medullary region, 
while the cortical germ centers were still preserved. The immature 
l 3 nnphocytes, therefore, originate in the meduUa rather than in the 
germinal center of the foUides, and the diffusely distributed syncytial 
reticulum is the mother tissue for these immature lymphocytes. 
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DESCRIPTION OF PLATES 


Plate 13 

Figs, i, 2 and 3. Large rcticuIo-cadotbeUal cells of tbe peripheral blood. May- 
Griinwald-Gicrasa’s stain. Note the abundant histiocytic cytoplasm and 
the sh'ghtly lymphocytic nuclear pattern, x 1800. 

Fig. 4. “Transitional” cell of the peripheral blood. The nucleus is distinctly 
lymphocytic, while the cytoplasm is still histiocytic, x 1800, 

Fig. 5, Immature l3rmphocytes of the peripheral blood. Note the small amount 
of cytoplasm and the relatively large nucleus with leptochromatic pattern. 
X 2400. 

Fig. 6. Immature lymphocytes seen in imprint preparations from the second 
biopsied inguinal lymph node. Note the leptochromatic nucleus and small 
amount of cytoplasm, x 1400. 
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Plate 14 

Fig. 7. Lj'mph node from the first biopsy. The normal structure is replaced by 
cells in reticulai arrangement. L'nna-Pappenheim’s stain. X960. 

Fig. 8. Lymph node from the first biopsy. 'J'he high magnification shows the 
oval reticular cells with pale nucleoli. Unna-Pappenheim’s stain, x 1800. 

Fig. 9. Lymph node from the second biopsy showing the marginal portion of a 
follicle. The light area indicates the germinal center, which is composed 
mainly of large reticular cells. A small zone of deeply staining, small 
lymphocytes separates the germinal center cells from the leukemic cells 
Dominici’s stain, x 1800. 


















HEPATO-ADRENAL NECROSIS WITH INTRANUCLEAR 
INCLUSION BODIES * 

REPORT OR A CASE 
George M. Hass, M.D. 

(From the Departmejit of Pathology of the Harvard Medical School, the Peter Bent Brigham 
Hospital and the Children’s Hospital, Boston, Mass.) 


The principal purpose of this communication is to present the de- 
scription of intranuclear inclusion bodies in the parenchymal cells of 
the liver and adrenals of a 2 weeks old premature infant in whom the 
chief pathological findings were a widespread necrosis of the liver 
and focal cortical necrosis of the adrenals. This case was brought to 
my attention by Prof. S. Burt Wolbach, who had never observed 
similar histopathology in his wide experience in the study of dis- 
eases of infancy and childhood. So far as the writer is aware no dis- 
ease of similar nature has been reported in the literature. 

Report or Case 

Clinical History: The patient was a 7 months premature female negro infant, 
40 cm. in length, weighing 3 pounds. The mother and father were in good 
health and there was no history of miscarriages. The patient was the mother’s 
first baby and was 16 hours old when admitted to the hospital. 

Physical examination showed a drowsy infant who, when aroused, cried 
lustily. There was a large, soft, non-fluctuant swelling over the right side of the 
skull and the anterior and posterior fontanelles were normal. There was no 
jaundice. Her temperature was 97° F. The clinical diagnoses were prematurity 
and caput succedaneum. 

During the first week in the hospital the patient voluntarily ingested increas- 
ing amounts of breast milk so that by the end of the week she was taking 35 
calories per pound. The swelling over the parietal region of the skull slowly dis- 
appeared and she became less active. On the eleventh day of fife it was necessaiy 
to give nourishment by gavage. Her temperature gradually rose to 100° F on the 
twelfth day. On the thirteenth day she was transfused with 30 cc. of citrated 
blood obtained from her father. Four hours later her diaper was stained with 
blood. A small amount of blood persisted in the feces and was visible in the food 
which she soon began to vomit. No unusual degree of j'aundice was noted. Her 
temperature fell to 97° F, but she died about 12 hours after the transfusion, at 14 
days of age. The discharge diagnoses were prematurity and caput succedaneum. 

* Received for publication July 19, 1934. 
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Autopsy Protocol 

The autopsy was performed 3 hours after death. 

Heart: The heart weighed 15 gm. The patent foramen ovale 
measured 5 mm. in diameter. A delicate row of pale red, small, 
granulation-like structures were found on the mitral valve. 

Lungs: The right lung weighed 27 gm. and the left 22 gm. They 
were uniformly pink and normally crepitant except in the dependent 
portions where they were dark red in color and less crepitant than 
elsewhere. Cross-sections of the parenchyma showed numerous 
small red areas, which were interpreted as foci of hemorrhage rather 
than of pneumonic consolidation. 

Spleen: The spleen weighed 10 gm., was dark red and firm. 

Alimentary Tract: The stomach was small and contracted. There 
were a few small mucosal hemorrhages. The ileum and colon were 
normal. 

Pancreas: Normal. 

Liver: The liver weighed 75 gm. (birth weight of the liver of a nor- 
mal full term infant 78 gm.). The enlargement seemed to be con- 
fined principally to the left lobe. The consistence was diminished 
and the surface mottled, there being numerous, irregular, gra3dsh 
yeUow to pale brown areas var3dng from less than i to 4 mm. in 
diameter. These were separated by broader zones of reddish brown 
parenchyma. The grayish yellow areas usually were discrete but in 
several instances were confluent. In the centers of several of these 
scattered regions were minute hemorrhagic spots. The lesions were 
not elevated above the plane of the surface of the liver. No exudate 
was present on the surface of the overlying capsule. The interior of 
the liver, exposed by sectioning, showed a fairly uniform distribu- 
tion of the gross lesions throughout the parenchyma. No abscesses 
were visible. 

Gall-Bladder: The gaU-bladder was filled with pale brown bile 
less viscid than normal. Bile was expressed easily through the 
cystic and common ducts into the duodenum. 

Kidneys: The right weighed 10 gm. and the left 9 gm. The fetal 
lobulations were prominent. The capsules were not adherent to the 
cortical substance. The cortex, medulla and pelvis of each organ 
were normal except for one small hemorrhagic area in the cortex of 
the left kidney. 
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Adrenals: The adrenals, which together weighed 4 gm., were 
normal. 

Pelvic Organs: Normal. 

Brain and Spinal Cord: The brain weighed 180 gm. and was con- 
sidered to be normal at the time of removal. After fixation in for- 
malin a note was made which stated that the substance of the brain 
was soft and fatty. The spinal cord was normal. 

Bojie Marrow: The bone marrow in the vertebral bodies was 
bright red in color. 

Bacteriology: A culture of blood removed from the right auricle 
showed Bacillus coli and Staphylococcus alhus. The same organisms 
were obtained from the peritoneal cavity by cultural methods. 

Microscopic Study 

Heart: There is a slight interstitial infiltration with polymor- 
phonuclear leukocytes which is localized to the perivascular tissues. 
In rare instances the adjacent muscle fibers show minimal evidence 
of necrosis. No blocks were taken through the peculiar structures 
on the mitral valve. They may have been small ‘'blood cysts,” 
which are not uncommon in infancy. 

Lungs: There is evidence of immature development. Many 
groups of alveoli are not fully distended. Other groups are over- 
distended and interalveolar septa often are ruptured. Occasional 
bronchi contain an acellular, granular, eosinophilic debris in which 
are numerous bacteria of variable morphology. This debris probably 
represents aspirated foreign material. In several alveolar spaces are 
extravasated red blood cells, an albuminous precipitate, asphyxial 
membranes and entrapped air. There is no inflammatory reaction. 

Spleen: The foUicles are small and of immature type and the 
sinusoids are distended with red blood cells. Small areas of hema- 
topoiesis are composed largely of cells of the myeloid series. Numer- 
ous mononuclear phagocytes laden with hemosiderin are present. 
One small colony of cocci which seems to have stimulated no regional 
inflammatory reaction is found. Although the nucleoli of several of 
the lining cells of sinusoids are prominent there are no inclusion 
bodies similar to those which are found in the liver and adrenals. 

Pancreas: Except for the presence of pancreatic tissue beneath 
the mucosa of the duodenum, no unusual histological findings are 
seen. 
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Ileum: Sections of the ileum disclose no lesions, but colonies of 
bacteria are seen in several vessels. 

Kidneys: The only histological features of interest are those of 
immaturity and cloudy swelling and vacuolation of the cytoplasm 
of the convoluted tubules. 

Urinary Bladder: No abnormal findings are noted. 

Thymus: Normal. 

Verkbra: No important changes are seen in the bone or bone 
marrow. 

Brain and Spinal Cord: Blocks were taken from the cerebral cor- 
tex and the cerebellum but there are no lesions. The spinal cord 
shows a nonnal structure. 

Liver: Blocks of liver were fixed in Zenker’s fluid and formalin. 
Material which had been in formalin for 6 years was mordanted in 
Regaud’s fluid for 48 hours. The tissue was embedded in paraffin 
and sections of from s to 7 microns in thickness were cut. The fol- 
lowing stains and staining methods were used: hematoxylin-eosin, 
eosin-methylene blue, Wolbach’s modification of the Giemsa stain, 
Gram-Weigert’s method for the demonstration of bacteria, Ziehl- 
Neelson’s carbol fuchsin stain for acid-fast organisms, Levaditi’s 
technique for spirochetes, Mallory’s anilin blue -acid fuchsin -orange 
G collagen stain, and Mallory’s phosphotimgstic acid hematoxylin. 

All sections show an extensive acute necrosis with a few widely 
isolated clusters of viable liver cells remaining as a rule around the 
portal areas. The pale yellow areas which were noted in the gross 
specimen differ histologically from the intervening reddish brown 
tissue in that they represent zones where there is a most severe type 
of degeneration. In these regions the lobular architectiure is indis- 
tinguishable. There are no continuous cords of liver cells and the 
sinusoidal system is disrupted. Remnants of liver cell cytoplasm, 
pyknotic fragments of nucleoplasm and degenerated cellular ele- 
ments of the blood are fused into a conglomerate mass of debris 
which fills and obliterates the sinusoidal spaces and central veins. 
The portal structures often have succumbed, but they appear to be 
the last part of the structural imit to have undergone necrosis. 
Very little fibrin is present, although occasional necrotic vessels 
filled with remnants of fibrinous thrombi are found. There are no 
abscesses or significant local acounulations of leukocytes. 

The friable reddish brown tissue which lies between the yellow 
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areas of necrosis shows a similar type of degeneration but the necro- 
sis in these regions has not advanced to such a complete state of 
coUiquation. The shadowy outlines of interrupted columns of liver 
cells separated by indistinct, though partly intact, sinusoids are 
visible amid the masses of cellular debris. Numerous extravasations 
of blood cells are present but most of the blood seems to be confined 
in the irregular, distorted sinusoidal spaces. Even though the major 
portion of the parenchyma is necrotic, the red blood cells appear to 
be much more viable in the reddish areas than in the yellow zones 
which have been described above. An occasional central vein is de- 
tected. These veins rarely are dilated or filled with fibrin networks 
in which partially degenerated blood cells are enmeshed. Portal 
structures and periportal connective tissue usually can be recognized 
but often they are involved by the necrotizing process, which seems 
to spread from the parenchyma, invade the periportal connective 
tissue and destroy, first the coUagen, secondly the ducts, and finally 
the blood vessels. The portal veins often are dilated and, occasion- 
ally, when involved by the spread of the primary process, they are 
filled with fibrinous thrombi which blend at their margins with the 
indistinct outlines of the swollen, homogeneous, degenerated vascu- 
lar wall. The reaction to this injury is very slight. The polymor- 
phonuclear leukocytes are slightly increased in number but there is 
no proliferation of bile ducts or connective tissue cells. 

Study of the widely separated small islands of viable liver cells 
and the gradual transition through various stages of degeneration in 
the zones bordering on the areas of necrosis discloses the most sig- 
nificant histological findings. These clusters of cells comprise about 
one- tenth of the total volume of the liver. They usually lie adjacent 
to the portal areas and in no instance is there a wholly intact lobule. 
As a rule, the architecture is almost normal, either, in the center of the 
groups of cells or in that part which is in apposition to the periportal 
connective tissue. By arbitrary reconstruction of the process it 
would seem that the disease in the beginning must have affected the 
central and midzonal regions of the primary lobule. 

The description of a typical viable remnant of hepatic parench3ma 
(Fig. 13), as studied in the sections fixed in Zenker’s solution and 
stained by Wolbach’s modification of the Giemsa stain, may sufi 5 .ce 
to exemplify a fairly uniform picture. The portion of this irregular, 
poorly demarcated island of cells which is adjacent to the periportal 
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connective tissue shows an orderly arrangement of liver cells and 
sinusoids. As one progresses toward the central veins an increasing 
number of structural alterations becomes apparent, until finally the 
disintegrating columns of abnormal liver cells and distorted sinu- 
soids blend imperceptibly into the surrounding necrotic mass of liver 
structure. 

The appearance of the individual liver cells, and especially their 
nuclei, is of principal interest in this study. In the periportal zone 
many cells are normal in size and shape. The cytoplasm is pale 
bluish pink, normal in structure, and the nuclei are round or oval. 
Delicate chromatin networks ramify throughout the nucleoplasm. 
The nucleoli usually are slightly eccentric in position. Among these 
cells, which are apparently normal, there are a few cells in which 
only the nuclei show abnormalities. In the first place the nuclear 
membranes are slightly irregular or undulate. Secondly, the chro- 
matin networks are indistinct in the center of the nucleus and there 
is a definite tendency toward an accumulation of chromatin in the 
zone which lies adjacent to the nuclear membrane. Thirdly, most 
nucleoli are situated adjacent to the nuclear membrane. In these 
cells the relative homogeneity of normal cytoplasm is changed to a 
delicately granular or reticular substance. The granules are slightly 
acidophilic and are more deeply stained than the background of 
pale c3d;oplasm. 

As one progresses from the relatively normal periportal zone of 
liver cells an increasing number of cytological abnormalities becomes 
apparent. Adjacent to the necrotic parenchyma almost all the cells 
exhibit the peculiar changes which characterize this malady. The 
unique histopathology is restricted to the nuclei, although as a rule 
there are attendant cytoplasmic changes of variable nature. 

The nuclei for purposes of description may be divided into two 
groups: first, those in which there are acidophilic intranuclear bodies 
and, secondly, those that are characterized by abnormal basophilic 
intranuclear structures. A certain nmnber of nuclei serve to exem- 
plify the morphological and tinctorial gradations between these two 
principal groups. 

The nuclei which contain acidophilic bodies are more niunerous 
than the other types. The smallest bodies are found not infrequently 
in cells which otherwise appear to be normal. More commonly there 
are detectable cytoplasmic and nuclear changes. The cytoplasm 
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often is swollen, granular and delicately vacuolated. In the early 
stages the nuclei are appreciably enlarged, the chromatin networks 
are altered and the nucleoli are either eccentric in position or 
are in apposition to the nuclear membrane. In such cells minute 
pink granules of irregular contour appear between the partially dis- 
rupted strands of deeply basophilic chromatin which seems to be 
maintained distinctly apart from the acidophilic bodies (Fig. i). 
The strands of chromatin gradually disappear in the center of the 
nucleus and preceded by the nucleolus the remnants of chromatin 
retreat toward the nuclear membrane, leaving a central area into 
which the acidophilic granules migrate (Fig. 2) so as to fuse even- 
tually into a single, pale pink, amorphous, irregular mass of a slightly 
deeper red tint than the elementary bodies of which it is comprised 
(Fig. 3). Occasionally, heavy strands of chromatin retain their 
position and traverse the diameter of the nucleus in such a manner 
as to maintain barriers between the agglomerating unit bodies. In 
such instances two and rarely three distinct acidophilic masses be- 
come segregated in the divided zones (Fig. 4). As a rule a single 
amorphous mass occupies the center of the nucleus. As it condenses, 
it becomes more homogeneous and the nucleolus and chromatin re- 
treat farther and farther so that eventually they become aligned 
along or intimately fused with the nuclear membrane (Fig. 5) . Dur- 
ing this stage the nucleus usually decreases in size and the nuclear 
membrane becomes at first serrate, and then undulate, thickened and 
crumpled. Finally, the fully formed inclusion body, which is deeply 
acidophilic, homogeneous, and well circumscribed with a sharply de- 
fined margin, lies in the center of the nucleus surrounded by a clear 
halo that separates almost its entire circumference from the thick- 
ened, undulate, nuclear membrane (Fig. 6). 

The second variety of changes in the nuclei is almost as common as 
the developmental sequence which has been described above. In a 
few respects the two processes are similar and it is impossible to 
determine whether certain intranuclear bodies are a part of the first 
or the second theoretical sequence of changes. 

In the following description an attempt has been made to recon- 
struct the steps in the development of the second type of intranuclear 
bodies. The well preserved periportal parenchymatous cells contain 
a few examples of the early stages. As one progresses toward the less 
viable central zones a great many nuclei are affected and the more 
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advanced stages become the most interesting feature of the his- 
tology. The earliest stage seems to be preceded by an increase in the 
size of the nucleus. The strands of chromatin become interrupted, 
chromatin material loses its affinity for basic dyes and the chromatin 
as well as the nucleolus seems to disappear as if by lysis. Tiny round, 
and often sharply defined, regularly spaced, pale blue granules 
appear and in almost every instance seem to fill the entire nucleus 
(Fig. 7). Rarely there are persistent remnants of chromatin and 
nucleoli which are marginated along the nuclear membrane. These 
delicate granules, which can be resolved definitely into distinct unit 
structures, occasionally are amphophilic or lightly acidophilic, but 
even when acidophilic their uniform punctate appearance tends to 
segregate them from the small, irregular pink granules which seem 
to form the elementary units of the inclusion bodies of the first type. 
Nevertheless, there are certain nuclei in which the elementary bodies 
of the second type are surrounded by a clear zone which partially 
separates them from the nuclear membrane (Fig. 8). In these nuclei 
one can imagine a series of gradations through which a typical inclu- 
sion body of the first type might have been formed. However, this is 
not apparent. There is a tendency for these small round granules to 
maintain their basophilic or lightly acidophilic nature and to fade 
into a structureless homogeneous nucleoplasm which varies from 
pale pink to dark blue and almost invariably fills the entire nu- 
cleus (Figs. 9 and 10). As one approaches the zone of necrosis 
gradual dissolution of parenchymatous cells supervenes and the 
homogeneous nuclei become dark blue to purplish red (Fig. n)- 
The nuclear membrane, at first delicate and distended, in the pro- 
gressive stages becomes thickened and irregular or serrate. Finally 
it seems to fuse with the intranuclear plasm as the liver cell shows 
evidence of disintegration (Fig. 12). The cytoplasm of the liver 
cells that exhibit this pecuhar general type of intranuclear mor- 
phology is usually pale, delicately granular, slightly vacuolated and 
swollen in the early stages. The cytoplasm in the later stages be- 
comes less granular, more homogeneous and more intensely baso- 
philic or acidophilic. In the marginal areas of necrosis where deeply 
basophilic and acidophilic nuclei are abundant the cytoplasmic mem- 
branes are no longer detectable and groups of liver cells seem to have 
flowed together to form irregular cytoplasmic masses containing 
several closely approximated, circular or elliptical, basophihc or 
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lightly acidophilic bodies, which represent the remains of the nuclei 
and their homogeneous content (Fig. 12). Eventually, there is com- 
plete dissolution, often preceded by a loss of differential staining re- 
actions. 

The various special stains are of no significant value, but it seems 
worthwhile to record briefly the staining reactions of the intranu- 
clear bodies in tissues fixed in Zenker’s fluid. In general, aU granules 
and the fully formed acidophilic inclusions are colored pale red 
by Mallory’s anilin blue- acid fuchsin- orange G collagen stain. The 
homogeneous variety of the second sequence of nuclear change is pale 
red to dark maroon (Figs. 10 and ii). After hematoxylin and eosin 
the Gram-Weigert method for the demonstration of bacteria stains 
the t3q)ical large intranuclear inclusions dark red or maroon (Figs. 5 
and 6). The punctate granules, as described in the second series of 
changes, are pale purple (Figs. 7, 8 and 9), while those filled with the 
homogeneous substance are magenta (Fig. ii). Mallory’s phos- 
photungstic acid hematoxylin stains the abnormal intranuclear 
granules a pale purple. Not infrequently they exhibit a sh'ght orange 
tinge. The typical intranuclear inclusions are dark purple (Figs. 5 
and 6). The homogeneous nuclei vary from pale purple to almost 
black (Figs. 10 and ii). The inclusions do not retain the Ziehl-Neel- 
son carbol fuchsin stain for acid-fast organisms. The sections 
stained with hematoxylin-eosin and eosin-methylene blue are com- 
parable to those which are stained with Giemsa. The intensity and 
sharpness of detail, as obtained by Wolbach’s modification of the 
Giemsa stain, make these sections most satisfactory for study. 

An attempt was made to demonstrate bacteria. The Ziehl-Neel- 
son carbol fuchsin stain discloses no acid-fast organisms. The tissues 
which were treated by Levaditi’s method for impregnation of spiro- 
chetes contain no demonstrable treponema. The Giemsa and eosin- 
methylene blue stains disclose rare clumps of bacilli in the liver and 
adrenals. They are Gram-positive, and are not situated specifically 
in areas of necrosis. Similar organisms unaccompanied by necrosis 
are found in the lungs, spleen and vessels of the wall of the ileum. 

Adrenals: In the peripheral subcapsular portions of the cortex of 
eacli adrenal gland there are numerous small focal areas of necrosis. 
The fundamental changes in these areas are similar to those in the 
broad fields of degeneration in the liver. The lesions are so small 
that many can be included in a high dry microscopic field. All ne- 
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croses are acute. The primary histological changes suggest an auto- 
lytic type of parenchymal degeneration followed by disruption of 
sinusoids and consequent extravasation of red blood cells. In the 
more advanced lesions an agglomeration of the necrotic parenchymal 
elements and blood cells into structureless masses is characteristic. 
No significant inflammatory reaction is present. 

One’s attention, here, as well as in the liver, is attracted by the 
peculiar morphological alterations in the parenchymal cells. The 
great advantage in the study of the small early lesions is that the 
first stages of cellular degeneration and the progressive changes in 
the nuclei and cytoplasm are more clearly defined than in the liver. 
Intranuclear bodies of varied character which are identical %vith 
those in the liver, cells are always present in the lesions. The mor- 
phological variations in the nuclear chromatin seem to precede or 
accompany the development of the intranuclear structures. The 
changes in the cytoplasm of most of the cells appear to follow the 
changes in the nuclei, because many cells, especially at the periphery 
of the lesions, have prominent intranuclear bodies without detect- 
able abnormalities of the cytoplasm. The earliest evidence of 
cytoplasmic change consists of swelling, diminution in aflinity for 
acid stains, reticulation and vacuolation. The cytoplasmic mem- 
brane is distended and the cell tends to be circular in outline. This 
is not accompanied by any apparent local increase in vascularitj’’ or 
significant disturbance of the general structural relations of the 
various cortical elements. In the more advanced lesions the cyto- 
plasm is disintegrated and the cytoplasmic membrane often is dis- 
rupted. The nuclei and intranuclear bodies are almost indistinguish- 
able. The vascularity is increased. The most severe lesions are 
characterized in their central portions by a fusion of the necrotic 
parenchymal elements and extravasated blood cells into structure- 
less acidophilic masses. Peripherally, the progressive stages of cellu- 
lar degeneration are foimd. In all instances the almost complete 
absence of leukocytic infiltration in the involved areas and the scant 
evidence of crystallized fibrin are consistent and inexplicable findings. 

Discussion 

It is not within the scope of this presentation or within the range 
of the writer’s experience to enter at great length into the spirited 



HEPATO-ADEENAL NECROSIS I37 

polemics that have characterized the dissertations of morpholo- 
gists and bacteriologists concerning the nature and significance of 
“inclusion bodies.” We know that there are certain viruses which 
have many of the properties of living matter, that these agents are 
ultravisible in size, that they may pass through the pores of filters 
which withhold ordinary bacteria, that they are capable of producing 
disease and that the pathology of the disease is characterized by the 
presence, singly or in combination, of intranuclear or intracytoplas- 
mic masses which are called “inclusion bodies.” The similarity of 
structure and mode of formation of inclusion bodies in different 
filtrable virus diseases often make it dfficult to distinguish the type 
of virus disease by a microscopic study of the inclusion bodies. 
Nevertheless, there frequently are certain histological differences 
which may enable one to classify the virus on the basis of the mor- 
phology of the inclusions which are associated with it. These dif- 
ferences need not be considered fully in this presentation. 

The morphology of the intranuclear bodies in the present case will 
allow, within the limits of our knowledge, but one conclusion. Here 
we must be dealing with a disease which was produced by a hitherto 
unknown virus, filtrable in nature and of small physical dimensions, 
or by a known virus which has selected unusual sites for localization 
and which has exhibited its pathogenicity in an imique manner. 
There is no justification for assuming that the unit structures, which 
at times could be resolved as tiny granules, were actual single micro- 
organisms. Neither is there any justification for assuming that they 
are not the virus bodies or clusters of those bodies, which must 
have been instrumental in the production of the extensive hepatic 
and adrenal necrosisv In this regard it may be said that certain 
rickettsiae, such as the Dermacentroxenus rickeilsii of spotted fever, 
have been accepted as pathogenic microorganisms. These may in- 
habit the nuclei of cells in ticks (Wolbach ^). They have been culti- 
vated in tissue cultures in the nuclei of infected mammalian mesen- 
chymal cells (Pinkerton and Hass These microorganisms are often 
no larger than the elementary'- bodies, especially those of basophilic 
nature, in the nuclei of the parenchymatous cells of the liver and 
adrenal of the present case. The same may be said in regard to the 
elementary bodies of many other virus diseases. In Zenker-fixed 
tissues there is an undeniable resemblance between the intranuclear 
microorganisms of spotted fever and tlie intranuclear structures in 
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Figure 7. Not only is tliis true but it is quite apparent that the in- 
clusion bodies which are formed by intranuclear masses of spotted 
fever rideettsiae, as demonstrated in tissue cultures, are similar to 
certain intranuclear inclusion bodies in various filtrable virus 
diseases. 

It has been contended by certain authors that the acidophilic 
nature of inclusion bodies in general militates absolutely against the 
belief that they are composed of microorganisms. This does not seem 
entirely valid because in the present instance, as well as in herpes and 
experimental spotted fever, the inclusions and their constituent parts 
may be basophilic, amphophilic or acidophilic. Neither can such a 
simple criterion as the staining reaction be depended upon to indi- 
cate whether or not the virus inhabits the sphere of the indusion 
body. It seems that the restrictions of microscopic vision will not 
allow the student to transgress the barrier, which arbitrarily has been 
thrown up between visible viruses which are recognized as intracellu- 
lar inhabitants, and the ultravisible viruses which are characterized 
by the presence of intracellular inclusion bodies. A few workers, 
notably Goodpasture,^ have produced evidence that the ultravisible 
filtrable virus may be intimately associated with the inclusion body. 
A further important bond of similarity is that the continued cultiva- 
tion of so-called filtrable viruses, as weU as the rickettsiae, depends 
upon the presence of living cells in the medium. It is difficult to draw 
hard and fast lines between the two classes of pathogenic agents, one 
ultravisible and characterized by inclusion bodies and the other 
visible and characterized by intercellular masses of microorganisms 
similar to inclusion bodies. 

Let us compare briefly the present disease with those virus dis- 
eases that give rise to intranuclear inclusion bodies in the liver of 
man or animal, and with those instances in which inclusion bodies 
have been found in the liver independent of any established cause. 

Yellow fever is a disease which presumably is caused by a filtrable 
virus that gives rise to necrosis of the liver and intranuclear inclusion 
bodies in the parenchymal cells. The inclusion bodies are very in- 
frequent in human cases but are commonly found in the livers of 
monkeys in which the disease has been produced experimentally 
(Klotz and Belt,^ and Cowdry and Kitchen ®). A comparison of the 
inclusions of the present case with those of e:^erimental yeUow 
fever in monkeys revealed superficial resemblances between a few 
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selected inclusion bodies. On the whole the morphological changes 
were unlike those of yellow fever. 

Intranuclear and intracytoplasmic inclusion bodies have been 
noted from time to time in the liver, lungs, pancreas, thyroid, adre- 
nals, kidneys and salivary glands of infants. A group of 25 cases was 
reported by Farber and Wolbach.® The inclusions in these cases ap- 
parently were identical with those which various authors, especially 
Goodpasture and Talbot and VonGlahn and Pappenheimer,® have 
reported and collected from the literature. A comparison of the pres- 
ent case with the material studied by Farber and Wolbach, and with 
the descriptions of the collected cases, yielded no similarities which 
would confuse the “protozoan-hke” cells and their inclusions with 
the inclusion bodies of the present case. Neither has any pathogenic 
importance been attached to the “protozoan-like” cells with intra- 
nuclear inclusions, while it seemed reasonable to believe that the 
injury to the liver and adrenals of the case under discussion was due 
to specific localization of a virus. 

McCordock and Smith ® listed a series of infants in which there 
were intranuclear inclusions. Case 3 of Group i had foci of necrosis 
in the liver and suprarenal glands. There was no detailed descrip- 
tion of the histology. It is possible that their case may have much in 
common with the malady described in this report. 

VonGlahn and Pappenheimer ® described intranuclear inclusion 
bodies in the intestine, liver and lungs of an adult who had a hepatic 
abscess and ulcerations of the cecum. They stated that the inclu- 
sions were identical with those that have been described in the vis- 
cera of infants. Dr. William VonGlahn has permitted the writer to 
study a section of the liver of their case. Neither the structure of the 
inclusion bodies nor the large “protozoan-like” cells which con- 
tained them was similar to the findings in the present case. 

Rift Valley fever is a non-fatal virus disease which is characterized 
by focal necrosis in the liver of certain susceptible animals, such as 
sheep, goats, rats, squirrels, voles and wood mice. The inclusion 
bodies are restricted to the nuclei of the parenchymatous cells of the 
liver. The intranuclear inclusions are similar to those of yellow fever 
(Findlay^®). The writer is indebted to Dr. G. M. Findlay for a sec- 
tion of the liver of a mouse with Rift Valley fever. A comparison 
with the liver of the present case disclosed similarities between many 
inclusion bodies. However, the resemblances were not sufficient to 
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admit the acceptance of close relationship or identity of the two 
processes. 

Pacheco’s parrot virus gives rise to characteristic intranuclear in- 
clusion bodies, which may be found in the liver and other organs of 
parrots and parrakeets (Pacheco and Bier,” Rivers and Schwent- 
ker^^). The inclusion bodies are not unlike those that have been 
found in yellow fever and Rift Valley fever. Although hepatic 
necrosis occurs in the susceptible avians, the pathogenicity of this 
virus for humans has not been demonstrated. The author is indebted 
to Dr. Thomas Rivers for a section of the liver of a parrakeet which 
died of this disease. The similarity between a few of the inclusions in 
the present case and those of the parrakeet disease did not distract 
from the great dissimilarity of the majority of the inclusions. 

Findlay^ described intranuclear bodies in a strain of Clacton 
mice. These bodies, which in many respects resembled hypertro- 
phied nucleoli, appeared in the liver cells of Banbury mice that had 
been inoculated with a suspension of liver tissue of Clacton mice. 
Evidence was brought forward to suggest that the intranuclear 
bodies were caused by a filtrable virus of low pathogenicity. 

Cowdry and Scott described intranuclear inclusion bodies in the 
livers of dogs. Coveil found intranuclear inclusions in livers of 
monkeys. In each instance no ultramicroscopic virus was demon- 
strated. 

The possibility of a localization of the herpes virus in the liver and 
adrenals of the present case must be considered seriously. The in- 
clusion bodies in many respects were similar to those that arise in 
herpetic (herpes simplex) infections. The nature of the develop- 
ment of the inclusions, their morphology, their staining reactions, 
the presence of bELSophilic granules, the concurrence of basophilic and 
acidophilic material in several inclusions, the margination of chro- 
matin and nucleoli, the “halo” aroimd many of the typical well de- 
veloped bodies, and other features which have been given in detail 
in the microscopic description, revealed an undeniable resemblance 
to and frequent identity with the morphology of the inclusion bodies 
of herpes. By no means, because of the similarity of intranuclear 
inclusion bodies in many diverse virus diseases, could one state that 
the present case illustrated an instance of herpetic infection of the 
liver and adrenals. However, if one were forced to select the etio- 
logical agent from the group of well established filtrable viruses, the 
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herpetic virus would be favored as the most probable causative fac- 
tor in this singular disease. Goodpasture and Teague were able to 
demonstrate intranuclear inclusion bodies in the parenchymatous 
cells of the liver and adrenals of rabbits in those areas where they 
had injected the herpes virus. Cowdry and Kitchen ° obtained the 
same results by injection of the herpes virus into the livers of 
monkeys. 

The portal of entry and the route of infection in the present case 
were not determined. It was possible that the umbilical cord may 
have served as the site of the primary infection, although no local 
lesion was demonstrated. It seemed possible that the virus may have 
been introduced into the infant by transfusion with the father’s 
blood. The peculiar persistence of viruses in the tissues and fluids of 
humans and animals long after the disease process has subsided is 
well recognized. Therefore, the apparent healthy condition of the 
father would not militate strongly against the transmission of a virus 
by transfusion. There was another possibility which may be con- 
sidered in the light of our knowledge of virus III infections of rab- 
bits. This latent agent apparently lies dormant in the testes of nor- 
mal rabbits. It attains virulence and produces disease only after 
repeated passage through the testes of rabbits. It is possible, but 
very unlikely, that a similar dormant species virus may have in- 
habited the blood of the father. As has been stated in the clinical 
record, the infant failed rapidly after the transfusion and died 12 
hours later. This deserves repetition and emphasis only because the 
clue to this disease remains obscure. A careful study and analysis of 
similar cases may afford some inquisitive person the opportunity to 
transmit the disease to animals and identify the pathogenic agent. 
For the present the description and interpretation of the pathology 
of this singular malady must suffice. 

Summary and Conclusions 

1 . A case of a 7 months premature infant, who was afflicted with a 
fatal disease characterized by hepato-adrenal necrosis and intranu- 
clear inclusion bodies in the parenchymatous cells of the liver and 
adrenal cortex, is described. 

2. It is assumed that the unique lesions must have been produced 
by a filtrable virus. 

3. No similar case has been found in the literature. 
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DESCRIPTION OF PLATES 
Plate 15 

Figs. 1-12. Photomicrographs of representative ceU nuclei of the hepatic pa- 
renchyma. These contain “inclusion bodies” of various types, as described 
in detail in the microscopic descriptions. Similar intranuclear “inclusion 
bodies” were found in the focal necroses of the adrenal cortex, x 2800. 




Plate i6 

Figs. 1-12. Camera Jucida drawings of nuclei of hepatic parenchymal cells. 
The “inclusion bodies” which are contained in these nuclei are of the same 
type as those in Plate 15. Corresponding nuclei have the same numbers in 
the two plates (Figs. 1-12). x 3200. 









Fig. 


Plate 17 

13. A photomicrograph of a representative periportal area such as was 
considered fully in the description of the hislopathology of the liver, x 150- 
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MYOCARDIAL LESIONS IN SUBACUTE 
BACTERIAL ENDOCARDITIS * 

Otto Saphir, M.D. 

{From the Department of Pathology of the Michael Reese Hospital, Chicago, III.) 

In a previous communication ^ rheumatic changes in the myocar- 
dium of children dying from subacute bacterial endocarditis were 
reported. Because of the fact that various other changes in the 
myocardium were observed during this study it seemed of interest 
to examine the hearts of a large group of patients, both adults and 
children, dying from subacute bacterial endocarditis, with special 
reference to myocardial changes. This seemed the more worth while 
in view of the discrepancy of opinions as to myocardial changes in 
subacute bacterial endocarditis. While Blumer ^ and others stated 
that the myocardium in subacute bacterial endocarditis is only 
rarely involved Clawson,^’^ Libman,®’®’'^ and others emphasized the 
frequent occurrence of myocardial lesions. 

In the following, a short abstract of the more important pertinent 
literature is given and the results of a study of the myocardium of 
thirty-five hearts of patients d3dng from subacute bacterial endo- 
carditis are reported. 

Literature 

Murray ® in 1922 noted that early in an attack of subacute bacterial 
endocarditis the heart muscle shows little response to the infective 
processes and the patient shows no evidence of cardiac failure. 

Blumer ^ in 1923 stated that the relatively slight involvement of 
the myocardium is a special peculiarity of subacute bacterial endo- 
carditis. In 150 autopsies he reported, conditions of the myocardium 
were mentioned only thirty times. In twelve instances the recorded 
lesion was an evidence of toxemia, such as generalized fatty degen- 
eration or cloudy swelling. Chronic interstitial myocarditis was 
noted eight times, acute myocarditis twice, small abscesses in the 
heart muscle three times, focal necrosis twice and infarcts twice. 

* Aided by a grant from the Nelson Morris Foundation. 
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Starling ” in 1923 observed that in subacute bacterial endocarditis 
emboli are frequently found, but that the myocardium is rarely in- 
volved, thereby differing from rheumatic endocarditis. 

Libman ® in 1923 reported that whenever lesions are found in the 
heart muscle in acute bacterial endocarditis they consist in the main 
of polymorphonuclear leukocytic infiltrations. In cases of subacute 
bacterial endocarditis, however, one finds an essentially round cell 
interstitial lesion, which is not present in all cases and is not specific. 

Clawson ^ in 1924 analyzed 220 cases of endocarditis. The myo- 
cardium of fifty-four hearts with subacute bacterial endocarditis re- 
vealed definite indications of inflammation in thirteen instances. 
The character of the exudate was mononuclear in all but two in 
which polymorphonuclear leukocytes were found. While cardiac 
symptoms might not be common early in the course of the disease, 
at death evidences of cardiac failure are conspicuous findings. In 
this series evidence of cardiac failure, as manifested by edema in its 
various forms and passive hyperemia of the liver, was common. 

Murphy and Dugan in 1924 stated that the myocardium be- 
neath the vegetations shows a rather extensive infiltration by poly- 
morphonuclear leukocytes and round cells. 

Libman ’’ in 1925 reported that among twenty-seven patients with 
subacute bacterial endocarditis in the “bacterial-free stage” myo- 
cardial insufficiency was a determining factor in the causation of 
death of fourteen. Five patients revealed myocardial insufficiency 
alone. He also stated that “the part played by myocardial in- 
sufficiency is striking.” 

Bierring in 1926 noted that “cardiac symptoms except for 
their fundamental significance are among the least prominent of all.” 

Thayer in 1926 stated that while in acute rheumatic endocarditis 
the myocardial lesions are prominent, in bacterial endocarditis they 
are generally subsidiary. Occasionally focal areas of interstitial in- 
filtrations with round cells or leukocytes are found m the myocar- 
dium in subacute bacterial endocarditis. 

Rothschild, Sacks and Libman “ in 1927 reported that the ex- 
amination of the myocardium in subacute bacterial endocarditis dis- 
closes, in the majority of cases, focal lesions consisting of cellular 
infiiltrations. Although these changes are seen mainly in the ventric- 
ular musculature, the infrequency of changes in the ventricular 
form of the electrocardiogram necessitates the assumption that they 
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are generally without significant effect on the intraventricular con- 
duction. 

Clawson ^ in 1928 stated that the greater frequency of abscesses in 
subacute bacterial endocarditis than in other forms of endocarditis 
evidently results from lodging of infected emboli from the valves in 
the myocardium. He also stated that myocarditis is even more fre- 
quent in subacute bacterial endocarditis than in acute or recurrent 
rheumatic endocarditis. 

Hamman and Rich in 1933 reported 2 cases of subacute bacterial 
endocarditis. In the first case the myocardium was essentially 
normal. The second revealed focal areas where the myocardium had 
been replaced by scars. There also were many minute infarcts and an 
occlusion of a small branch of the coronary artery by an organized 
thrombus. Also, fragments of infected vegetations were found in 
branches of the coronary arteries. 

Longcope in 1933 stated that some form of pathological process 
may be found in the heart muscle of about one-half the cases of bac- 
terial endocarditis that come to autopsy. 


Methods 

Thirty-j&ve hearts were examined. Sections from various portions of both 
ventricles were embedded in paraffin and stained with hematoxylin-eosin. The 
Gram-Weigert and the Van Gieson stains were also used. Frozen sections were 
often cut and stained with Sudan in to demonstrate the presence of fat. In 
some instances serial sections were cut from a whole block and stained with 
hematoxylin-eosin. The Prussian blue reaction was employed to determine the 
presence of iron-containing pigment. 


Results 

Grossly the myocardium almost invariably was softer than nor- 
mal, its cut surface of a boiled appearance and the architecture ob- 
scured. Just beneath the endocardium many minute yellowish 
streaks were often observed, which occasionally were arranged in 
the form of tiger stripes. These were particularly evident in the 
papillary muscles of both ventricles. In some hearts the myocardium 
was traversed by grayish yellow and grayish red streaks, and had a 
peculiar speckled appearance. Occasionally, circumscribed, minute 
yellow nodules, or larger, soft yellow areas were encountered which 
were surrounded by hemorrhagic zones. 
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Only in i case could an embolus be demonstrated grossly in the 
coronary artery. The aortic valve in this heart was almost com- 
pletely destroyed and all three cusps were practically replaced by 
large, soft, grayish red vegetations. Mycotic aneurysms were found 
in the sinus of Valsalva corresponding to the left and posterior aortic 
cusps. The distal portion of the circumflex branch of the coronary 
artery at the point of origin of the ramus marginis obtusi v/as oc- 
cluded by an embolus which was reddish gray, soft, and similar in 
every respect to the vegetations on the aortic valve. 

In six hearts petechial hemorrhages were encountered. More 
commonly the subendocardial layer was involved but occasionally 
the myocardium in an area at a distance from the endocardium was 
affected. 


Histological Examination 

Table I summarises the histological findings of these thirty-five 
hearts. 

Degenerative changes were present in all cases. The muscle fibers 
were swollen, their striations in some fields could not be made out at 
all and the sarcoplasma was distinctly granular. In many instances 
numerous, minute fat globules were found distributed throughout 
the sarcoplasma. In addition to these changes the following abnor- 
malities were noted. 

Petechial Hemorrhages: In 6 cases petechial hemorrhages in the 
myocardium were found microscopically. The hemorrhages were 
apparently very recent and the red blood corpuscles surrounded 
minute vessels. Neither emboli nor white cells were found in these 
vessels. 

Actite Inflammatory Changes, Foci of Necrosis and Abscesses: Acute 
inflammatory changes were found in the myocardium in 15 cases. 
Accumulations of polymorphonuclear leukocytes were usually 
present in the perivascular spaces and often extended into the in- 
terstitial tissue between the heart muscle fibers. Only occasionally a 
few lymphocytes were seen. In 10 cases the heart muscle fibers 
themselves were involved. Small foci of necrosis of portions of in- 
dividual muscle fibers were easily observed. The necrotic centers 
were often infiltrated and surrounded by polymorphonuclear leu- 
kocytes and an occasional l3rmphocyte and endothelial cell. In 
several instances clumps of bacteria were foimd within the necrotic 
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Tabi^: I 
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Table I {Continued) 
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center. In 5 cases minute vessels were filled with bacteria which in 
turn were surrounded by polymorphonuclear leukocytes. Some- 
times bacteria were seen in the peripheral portions of the lumens of 
the large arteries. Special stains revealed that the bacteria were 
invariably Gram-positive cocci arranged in small groups. 

The acute interstitial changes and the minute parenchymal ab- 
scesses were almost always found in the same heart. In only 2 cases 
were acute interstitial changes alone noted. The common location 
of the abscesses were areas just beneath the pericardium and the en- 
docardium of the left ventricle. Only occasionally was it necessary 
to examine many sections before these lesions were encountered. 

Minute Infarcts: They were most frequently encountered. In 
general, three stages could be differentiated. The first, earliest stage, 
was only seen twice. It was characterized by areas of necrosis re- 
vealing no details of heart muscle fibers. These areas were more or 
less homogeneous, eosinophilic and were surrounded by clumps of 
cocci, polymorphonuclear leukocytes and a few red blood corpuscles. 
These infarcts varied, but only occasionally did they attain a con- 
spicuous size. 
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The second stage was commonly encountered (in this series, 
twenty-eight times). This was the stage of organizing infarcts. 
Many spindle-shaped cells were arranged in parallel rows replacing 
the heart muscle fibers. Very occasionally, lymphocytes were seen 
scattered among these cells. Phagocytic cells were often en- 
countered, their cytoplasm filled with a reddish granular pigment 
which gave a positive iron reaction. There was also a scant new 
formation of connective tissue fibers and several small sized blood 
vessels extended through this region. In many sections which 
showed these infarcts, emboli were encountered in their vicinity. 
When emboli were not seen in the section revealing organization 
tissue they were, as a rule, found in an adjacent section. In one 
instance only, a large branch of the coronary artery contained, in 
addition to bacteria, some necrotic and calcareous material. This ma- 
terial was obviously a portion of a broken-off vegetation. Surround- 
ing this vessel many polymorphonuclear leukocytes were seen, in 
addition to a number of foreign body giant cells. 

The third stage was characterized by the formation of dense scar 
tissue. Only a few nuclei were noted in this old connective tissue. 
A few clumps of pigment granules and an occasional phagocytic cell 
fiUed with blood pigment led to the inference that these scars repre- 
sented the healed stage of small infarcts. These scars replaced heart 
muscle fibers and were not confined to perivascular spaces. 

Perivascular Cellular Infiltrations: {Non-specific: Subacute and 
Chronic Infiammatory Lesiofis): In eleven hearts inflammatory le- 
sions were encountered which were strictly confined to the perivas- 
cular spaces. The predominating type of cell was the lymphocyte. 
Only occasionally a few plasma cells or endothelial cells could be 
found among the lymphocytes. These cellular infiltrations did not 
extend into the adjacent parench3ma. They were present eleven 
times. In only 2 cases were these lesions encountered in the same 
hearts which showed acute inflammatory changes. In five hearts 
lymphocytes were found scattered in the perivascular spaces, in 
addition to a new formation of fibrous tissue which still revealed 
fibroblastic cells. In some instances transitions between cellular infil- 
trations and perivascular fibrosis could be demonstrated. Multinu- 
cleated cells, or other cells resembling those seen in the Aschoff body, 
were not observed in these fields. The celltflar elements within the 
perivascular fibrous regions showed no specific arrangement. 



AschojJ Bodies: In 14 cases Aschoff bodies were present in the 
myocardium. Ten of these cases were previously reported.^ Again 
it should be emphasized that whenever there was doubt as to 
whether or not a lesion was an Aschoff body it was not diagnosed as 
such. Cellular infiltrations resembling Aschoff bodies were not in- 
cluded. The Aschoff bodies invariably consisted of infiltrations of 
large cells often showing a basophilic cytoplasm containing one, two 
or three nuclei, a few lymphocytes and an occasional plasma cell and 
pol5miorphonuclear leukocyte. These accumulations of cells were 
almost always found in the vicinity of the blood vessels. Occasion- 
ally, necrotic foci or a fibrin-like material were encountered in these 
areas. The large cells were seen in parallel rows, often assuming a 
typical palisade arrangement. The internal structure of the nuclei 
of some of these cells (Aschoff cells) could be compared with that of 
a spider web. Apparently, depending upon the pressure of the sur- 
rounding tissues, the cells were either compactly arranged, the 
Aschoff bodies presenting an elongated appearance, or the cells were 
well separated from one another, the Aschoff bodies appearing rather 
square or round. 

Perivascular Fibrosis: A new formation of connective tissue in the 
perivascular spaces was frequently observed. Often no cellular ele- 
ments could be found in these areas even in serial sections. In several 
instances a few lymphocytes or histiocytic cells were recognized. 
Occasionally the latter showed the characteristics of the Aschoff 
cell. 

Discussion 

The petechial hemorrhages which were found in 6 cases were very 
recent. In these cases petechiae were also encountered in the skin or 
conjunctivae. It seems evident that petechiae in the myocardium 
have the same etiology as those found in the other locations, namely 
toxemia or bacteremia. 

Fifteen out of thirty-five hearts revealed abscesses or foci of ne- 
crosis. It is probable that the foci of necrosis often were the pre- 
cursors of the abscesses. These abscesses undoubtedly are the result 
of small bacterial emboli lodging in minute vessels or capillaries 
causing first necrosis, and secondarily abscesses. Acute inflamma- 
tory changes without formation of abscesses were encountered 
twice, were confined to the interstitial tissue and justify the term 
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acute interstitial myocarditis. Clawson stressed the greater fre- 
quency of abscesses in subacute bacterial endocarditis than in other 
forms of endocarditis. In his series abscesses were found in 21.5 per 
cent of the cases. Birch-Hirschfeld/*^ as early as 1894, mentioned 
ulcerative endocarditis as one of the causes of purulent myocarditis. 
He also stated that foci of necrosis encountered in these cases may 
progress to abscess formation. Very close to the necrotic foci and 
often in the midst of the abscesses, capillaries fiUed with cocci were 
stiU recognizable. If larger vessels were involved, bacteria were 
recognized in the peripheral portions of the lumens. This indicates 
that these inflammatory processes, some with small areas of central 
necrosis, are not comparable to infarcts but are more likely the re- 
sponse to the toxic products of the bacterial emboli. Monckeberg 
also stated that areas of necrosis did not correspond to the regions 
supplied by the affected vessels and that the necrotic foci therefore 
cannot be regarded as anemic infarcts. 

The perivascular infiltrations consisting mainly of lymphocytes 
are noteworthy. These lesions are entirely different from those just 
mentioned. They also do not resemble Aschoff bodies. They are 
circumscribed subacute and chronic inflammatory lesions confined 
to the perivascular spaces and show no characteristics that give the 
impression of specific lesions. 

The question arises as to whether or not these lesions can be re- 
garded as Bracht-Wachter bodies. Bracht and Wachter described 
minute and larger areas of necrosis surroimded by lymphocytes and 
fibroblasts in the myocardium of a rabbit injected five times at 48 
hour intervals with 2 or 3 cc. of broth cultures of Diplostreptococcus 
rheumaticus. In Rabbit 2, which was injected 4 times over a period 
of 14 days, the myocardium revealed irregularly distributed, more or 
less well defined, cellular infiltrations situated mainly in the inter- 
stitial tissue. Occasionally these foci extended into the muscle 
fibers themselves. A few necrotic muscle fibers were seen with cal- 
cification. Most of the cells were lymphocytes. Fibroblasts, and 
occasionally plasma cells, were also present. In Rabbit 3, which was 
injected four times over a period of 16 days, the myocardium re- 
vealed long, spindle-shaped, thread-like connective tissue nuclei and 
streaks of fibrosis in the midst of the muscle fibers. 

From this description it is difficult to determine just what a 
Bracht-Wachter body is. This is particularly so because of the loca- 
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tion of the lesions described by these authors. The lesions in Rabbit 
2 were found principally in the interstitial tissue, while the lesions in 
Rabbits i and 3 were found predominating within the parenchyma. 
If the lesions found in Rabbit 2 are regarded as so-called Bracht- 
Wachter bodies, then it must be considered that their description 
resembles the perivascular infiltrations seen in the myocardium in 
these cases of subacute bacterial endocarditis. It is interesting to 
note, however, that Rothschild, Sacks and Libman^^ described 
Bracht-Wachter bodies as follows. “Examination of the myocar- 
dium in subacute bacterial endocarditis discloses in the majority of 
cases focal lesions consisting of cellular infiltrations (chiefly of round 
cells) in areas where the muscle fibers have undergone degeneration 
or necrosis. These are the so-called Bracht-Wachter lesions which 
differ from the Aschoff bodies in certain essential particulars. They 
are frequently inconspicuous in size and distribution, but at times 
they are widely diffused throughout the myocardium, and the in- 
dividual lesions may assume considerable proportions.” 

Libman ® stated as follows. “In cases of subacute bacterial endo- 
carditis there is often present a focalized lesion in the myocardium 
known as the Bracht and Wachter lesions. These are fod which 
consist mainly of lymphocytes and are found in the muscle fibers 
themselves — the Aschoff bodies being found outside the muscle 
fibers. The Bracht-Wachter bodies have been reproduced experi- 
mentally, but nobody has been able to reproduce the Aschoff 
bodies.” 

Bishop et al.^^ mentioned Bracht and Wachter bodies in cases of 
subacute bacterial endocarditis. They describe them as scattered 
areas of focal cellular accumulations consisting of large mononu- 
clears, polymorphoneutrophiles and lymphocytes. The description 
of these authors, espedally as far as location is concerned, corre- 
sponds much more to the lesions produced by Bracht and Wachter 
in Rabbit 3. This point will be discus^'jd again later. 

Because of the uncertainty of just-what constitutes a Bracht- 
Wachter body, it seems wise to discard the term “Bracht-Wachter 
bodies” entirely and to use a rather descriptive term for lesions 
which by some investigators might be called Bracht-Wachter bodies. 

It may be mentioned in this connection that Monckeberg,^’' probably 
because of the three apparently different lesions described by 
Bracht and Wachter, stated that these authors were not able to pro- 
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duce any characteristic lesions in their experiments with strep- 
tococci. 

Organizing infarcts (granulation tissue) were encountered fre- 
quently. The question arises whether the described lesions are 
organizing infarcts or organization tissue, the result of a primary 
locah'zed inflammation. The presence of blood pigment free in the 
tissue and within phagocytic cells is in favor of infarcts. The spar- 
sity of inflammatory cells and the preponderance of the spindle- 
shaped cells also speak against a primary inflammation. Finally, the 
presence of emboli in the smaller branches of the coronary arteries 
in the vicinity of these lesions aids in determining the origin of the 
granulation tissue. The emboli apparently arise from broken-up 
vegetations. It must be emphasized, however, that often many sec- 
tions have to be cut through an infarct to locate the embolus. 

It is much more difiicult to determine whether or not the larger 
fibrotic lesions which were found replacing the muscle fibers were 
old infarcts. Their size, the presence of an occasional phagocytic ceU 
loaded with pigment and a few clumps of pigment free in the tissue 
were taken as possible evidence of old infarcts. Also, the simulta- 
neous findings of the organizing infarcts, old fibrous scars and or- 
ganized emboli are in favor of the fibrous lesions being the healed 
stage of infarcts. When fibrotic changes alone were found they were 
not designated as healed infarcts but were merely referred to in a 
purely descriptive manner. 

The organizing infarcts seem to be the most characteristic changes 
in the myocardium in subacute bacterial endocarditis. Possibly 
some of the lesions found by Bracht and Wachter in Rabbit 3 may 
be interpreted as infarcts. These authors, in addition to the changes 
described before, also found necrotic lesions with polymorphonuclear 
leukocytes, fibroblasts and lymphocytes classified as possible in- 
farcts. It is also possible that some of the lesions in the myocardium 
produced experimentally by Thalhimer and Rothschild can be in- 
terpreted as infarcts. They described them as follows. ‘‘Later the 
lesions became more proliferative. Fibroblasts soon became promi- 
nent and developed rapidly into a fibrous stage. Later fibrous tissue 
was found surrounded by healthy muscle fibers containing a few 
leukocytes. Not all the fibrous areas were circumscribed. Many 
were diffuse, their fibers running parallel to those of the myocar- 
dium, apparently having replaced the latter. Some of the focalized 
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lesions had a dose relationship to the small and medium sized blood 
vessels. Occasionally, hyaline thrombi were found.” However, 
these authors stated that the hyaline thrombi did not occur regu- 
larly and appeared to have had no relation to the lesions. 

All the hearts in this series were taken from children or young 
adults. Because the collaterals of the coronary arteries are not yet 
developed in the young, it is easily understood why emboli in small 
branches of the coronary arteries caused infarcts. It is also possible 
that the reason for the development of infarcts in these hearts lies in 
the simultaneous involvement of several small branches of one 
coronary artery. It may be of interest to point out that emboli in the 
coronary artery resulting from broken-down thrombi are veiy rare, 
while emboli arising from vegetation or bacterial emboli are com- 
monly encountered histologically in these vessels in subacute bac- 
terial endocarditis. On the other hand, an embolus was recognized 
grossly only once. The destruction of the aortic valve with the re- 
sulting insufBciency of this valve may have aided in the lodging of 
emboli in the coronary arteries. 

Aschoff bodies were encountered fourteen times. In Clawson’s ^ 
series of 6o cases of subacute bacterial endocarditis Aschoff bodies 
were found twenty-seven times. The significance of the findings of 
Aschoff bodies in subacute bacterial endocarditis was the object of a 
previously reported study.^ It may again be stressed that the find- 
ing of typical Aschoff bodies in the myocardium in subacute bac- 
terial endocarditis may be taken as evidence against the assumption 
that subacute bacterial endocarditis is the immune response in a 
previously hypersensitive patient. It would be difficult to explain 
why a tissue should respond simultaneously in two ways, namely 
with a hypersensitive reaction, of which the Aschoff body is supposed 
to be an example, and with an immune reaction, f. e., subacute bac- 
terial endocarditis. The Aschoff bodies were imdoubtedly recent, 
indicating that rheumatic infection was present at the time of de- 
velopment of subacute bacterial endocarditis. It may also be of in- 
terest to point out that Aschoff bodies and abscesses were occa- 
sionally encoimtered in a single section. It may be mentioned that 
Thayer ^ also found Aschoff bodies associated with abscesses in the 
myocardium in one heart. 

Perivascular areas of fibrosis were encountered fifteen times. In 
6 cases they were seen in the hearts which also contained Aschoff 
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bodies and in 3 other cases they were present in hearts which re- 
vealed perivascular areas of non-specific subacute and chronic in- 
flammation, but no Aschoff bodies. Only twice a perivascular fi- 
brosis was encountered in a heart which showed both lesions. The 
perivascular areas of fibrosis were present in four hearts showing 
neither Aschoff bodies nor perivascular areas of subacute and chronic 
inflammation. Possibly the perivascular areas of fibrosis may repre- 
sent the healing stage of both these lesions. 

Summary a2U) Conclusions 

Myocardial changes were encountered in 35 cases of subacute 
bacterial endocarditis. These changes may be summarized as cloudy 
swelling, fatty degeneration, petechial hemorrhages, acute myo- 
carditis, foci of necrosis and abscesses, areas of perivascular acute 
and chronic (non-specific) inflammation, minute infarcts, emboli in 
branches of the coronary arteries, Aschoff bodies and perivascular 
fibrosis. Minute infarcts were the most commonly encountered and 
the most characteristic lesions. Bracht-Wachter bodies are discussed 
and the conclusion reached that this term signifying specific lesions 
should be discarded because of the uncertainty of just what con- 
stitutes a Bracht-Wachter body. 
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DESCRIPTION OF PLATES 
Plate 18 

Fig. I. Recent embolus in branch of coronary arteryi Hematoxylin-eosin prep- 
aration, X 150. 

Fig. 2. Bacterial embolus. Note the acute inflammatory changes in the wall 
of the vessel. Hematoxylin-eosin preparation, x 100. 

Fig, 3. Organizing embolus. Hematoxylin-eosin preparation, x 175. 

Fig. 4. Focus of necrosis. Note the moderate number of polymorphonuclear 
leukocytes. Hematoxylin-eosin preparation, x 200. 
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Plate 19 

Fig. 5. Abscess in the bundle of His. Hematoxylin-cosin preparation x 125. 

Fig. 6. Abscess in the myocardium. Hematoxylin-cosin preparation, x 300. 

Fig. 7. Area of subacute and chronic (non-specific) perivascular inflammation. 
Hematoxylin-eosin pieparation. x 150. 
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Plate 19 







Plate 20 


Fig. 8 . Organizing infarct. Note the large number of small vessels. Hema- 
toxj'lin-cosin preparation, x 190. 

Fig. 9. Organizing infarct, higher magnification of Fig. 8. Note the pigment- 
containing cells. Hematoxylin-eosin preparation, x 400. 

Fig. to. Healing infarct. Note the large number of fibroblasts and pigment- 
containing cells. Hematoxylin-eosin preparation, x 150. 

Fig. II. Healing infarct, higher magnification of Fig. 10. Hemato.xylin-cosin 
preparation, x 300. 
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Plate 20 
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HEPATIC INFARCTION* 

Herbert Lund, M.D., Harold L. Stewart, M.D., and 
Marshall M. Lieber, M.D. 

{From the Pathological Laboratories of the Jeferson Medical College and Hospital, the 
Jefferson Hospital Tumor Clinic, and the Philadelphia General Hospital, 

Philadelphia, Pa.) 

True infarction of the liver is rare, occurring even less frequently 
than an uncritical review of the literature would appear to indicate. 
Zimmerman, in 1930, and Cioni, in 1932, attempted to collect the 
reported cases of hepatic infarction, but careful evaluation of the 
data cited in the original reports reveals the inadequacy of the cri- 
teria upon which this diagnosis was made. Among the various lesions 
to which this designation has been erroneously applied are such con- 
ditions as “fatty infarcts,” the so-called “atrophic red infarcts” of 
Zahn, localized areas of hemorrhage, marked passive congestion with 
hepatic cell atrophy, and small intralobular areas of focal necrosis 
occurring in bUiary stasis. The fact that these lesions differ widely in 
their pathogenesis and morphological characteristics has led to a mis- 
conception of several important features of the process of true he- 
patic infarction. 

According to the generally accepted definition, an infarct is an 
area of necrosis due to local anemia resulting from obstruction of 
circulation. In the case of organs with multiple vascular supply or 
with abundant collateral blood vessels, the development of this 
lesion is necessarily conditioned by several factors which are not 
operative in organs with a single circulation. The approach to this 
problem is particularly difficult in the case of the liver, since one 
must critically evaluate the relative importance, in this connection, 
of obstruction of each of the two afferent (hepatic artery and portal 
vein) and the efferent (hepatic vein) vessels, all of which possess 
numerous collaterals and anastomotic branches. 

In arriving at the diagnosis of hepatic infarction, the final decision 
must be based primarily upon the gross and histological characteris- 
tics of the lesion itself which, in the main, are comparable to those of 
similar lesions in other organs. This criterion has been adopted by 

* Received for publication August 3, 1934. 
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US in reviewing the cases reported in the literature, only 20 of which 
have been found acceptable on this basis. Seven additional cases are 
described which illustrate the red, pale, and organizing phases of this 
lesion, and one other is presented which we believe may represent the 
completely healed stage of hepatic infarction. 

Red Inearct 

Case i. Jeff. Hosp, H-72. M., a ivhitc female, aged 32 years, receiving 

injection treatments for varicose veins, suddenly developed vascular throm- 
bosis and inflammatory' muscular lesions of the right leg on Dec. 24, 1933. 
Gangrene developed and the leg was amputated under ether anesthesia 4 days 
later. A systolic murmur, changing later to a double murmur, was heard over 
the apex of the heart, which was definitely enlarged. Streptococcus hcniolylictis 
was cultured from the blood stream and from the amputation stump. The 
patient developed marked jaundice, wddely scattered petechial hemorrhages and 
new areas of gangrenous involvement on the left hand and foot. Death occurred 
Jan. 9, 1934. 

Autopsy Report 

The autopsy was performed 12 hours postmortem. The anatomi- 
cal diagnoses were acute vegetative endocarditis of the mitral leaf- 
lets and left auricle, embolic abscesses of the myocardium, embolic 
occlusion of the aorta at its bifurcation and of the intrahepatic por- 
tion of the left branch of the hepatic artery, thrombosis of the 
uterine vessels and of the larger branches of the pulmonary artery, 
and infarcts of the lungs, kidneys, spleen, brain and liver. The 
splenic and hepatic infarcts were contaminated by gas bacillus 
infection. 

The liver, weighing 2170 gm., was soft, friable and greasy and 
presented a yellowish mottling which turned green on standing. In 
the lateral border of the left lobe there was a reddish brown area, 
10 by 3,5 by 1.5 cm., sharply demarcated from the surrounding tis- 
sue by an uninterrupted, uniformly dark red, wavy line 2-3 mm. in 
width (Fig. i). This line merged into a mottled zone of vascular 
congestion 1-2 cm, wide, which faded out gradually into the indis- 
tinct lobular markings of the remainder of the liver. The lesion ex- 
tended about 1.5 cm. into the depth of the organ and the inner limits 
were sharper palpably than visibly. The cut surface was dry and 
dull, the lobular markings were effaced, thrombosed vessels were 
visible and the central portion was paler than the periphery, which 
was separated from Glisson’s capsule by a dark red, homogeneous 
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zone 1-2 mm . wide. A large branch of the hepatic artery, extending 
directly into the area of infarction, was completely occluded by a 
gray thrombus originating 4.5 cm. proximal to the area of necrosis. 
The bile ducts and larger branches of the hepatic and portal veins 
were patent. The gall-bladder contained 20 cc. of thick, dark bile. 


Microscopic Examination 

In the microscopic sections distant from the infarct the hepatic 
cells are slightly pigmented, granular, vacuolated and necrotic in 
sporadic areas; the nuclei of other cells are frequently enlarged, 
hyperchromatic and multiple. In the Nile blue sulphate prepara- 
tions blue and reddish granules and droplets are demonstrated in 
hepatic and Kupffer cells in scattered small areas. The lumens of the 
bile ducts contain myriads of bacteria and desquamated epithelial 
cells. 

The infarct is regularly separated from the surface of the liver by a 
narrow subcapsular zone of compressed viable tissue showing evi- 
dence of hepatic cell regeneration. The branch of the hepatic artery 
leading to the area of infarction is completely occluded by an ad- 
herent loose network of fibrin, small masses of platelets and large 
numbers of leukocytes, red blood cells and masses of .micrococci. 
The accompan)dng branch of the portal vein is patent. Within the 
area of infarction there is complete necrosis of all the cells but the 
arrangement and structural details are well preserved. The area is 
diffusely stained with hemoglobin and its derivatives which along 
with a small amount of lipoid material is contained within Kupffer 
and hepatic cells around the central and sublobular veins. The peri- 
sinusoidal tissue spaces are occasionally edematous and the sinus- 
oids are dilated and empty as a rule, but sometimes contain the 
shadowy outlines of erythrocytes and hyaline thrombi which alter- 
nate with masses of granular and fibrillar debris, mycotic emboli or 
closely packed necrotic leukocytes. The reticular walls of the sinus- 
oids are irregular in outline, often swollen and beaded, and some- 
times split, frayed and torn. The necrotic hepatic cells are somewhat 
distorted and deranged, and most of their nuclei are invisible while 
others exist in outline form only, or as poorly defined, slightly baso- 
philic structures embedded in dense homogeneous, deeply acidophilic 
cytoplasm stained diffusely with hemoglobin and containing granules 
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and needle-shaped crystals of pigment. The outlines of the canaliculi 
which persist are usually accentuated by the presence of fine granules 
of pigment in the bordering cytoplasm. The portal radicles are fre- 
quently reduced to smudges of acidophilic material and are distorted 
by the presence of large vacuoles containing cocci, large bacilli and 
acidophilic, granular material resembling precipitated albumin. 
The walls of the branches of the hepatic artery and portal and he- 
patic veins are all necrotic and their lumens either empty or partially 
filled with fibrinous or leukocytic thrombi, necrotic liver cells and 
unidentifiable debris. 

This area of necrosis is sharply demarcated from the surrounding 
tissue by a wide, deeply red-staining zone in which all the sinusoids 
are distended with a dense, homogeneous, acidophilic material, 
practically devoid of erytlirocytes. This abrupt change in the con- 
tents and staining reactions of the sinusoids with corresponding com- 
pression of liver cords and a marked increase in the hepatic cell pig- 
mentation are the chief distinguishing characteristics between the 
two zones in which the morphology and staining properties of the 
hepatic cells are otherwise essentially similar. More externally, the 
sinusoids are usually dilated and packed with phagocytic cells and 
erythrocytes undergoing hemolysis. 


Pale Infarcts 

Case 2. Jeff. Hosp. H-167. E. T., a white female, aged 55 years, was sud- 
denly seized on Dec. 15, 1933, "with excruciating thoracic pain which radiated 
through to the back and down both arms, and which was associated with dysp- 
nea, cyanosis, auricular fibrillation, low blood pressure and slight fever. One 
month later she developed sh'ght pretibial edema, mild jaundice and considerable 
tenderness over the right upper abdominal quadrant. Death occurred Jan. 21, 
1934 - 

Laboratory Findings: Urine: specific gravity 1.026, a trace of albumin, occa- 
sional hyaline casts. White blood count 20,900. Bromsulphalein retention 
40 per cent at end of 30 minutes (2 mg. dosage). Van den Bergh reaction posi- 
tive direct, serum bilirubin 1.32 mg. per 100 cc. 


Autopsy Report 

The autopsy was performed i J hours postmortem. The anatomi- 
cal diagnoses were arteriosclerotic occlusion of the descending 
branch of the left coronary artery, and infarction of the interventric- 
ular septum and anterior and left lateral wall of the left ventricle 
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with extensive endocardial thrombosis. Emboli occluded the lumen 
of the celiac axis by two-thirds, and the right main branch of the 
hepatic artery completely, a short distance from its origin. Infarcts 
were present in the kidneys, lungs, spleen, stomach and liver. 

The liver weighed 1310 gm. and was soft and friable with accen- 
tuated lobular markings. A pale, firm, slightly elevated, sharply de- 
marcated area 7 by 5 by 2 cm., shaped like a truncated cone with its 
base towards the capsule, occupied a superficial position in the pos- 
terior inferior portion of the right lobe. On section the lesion was 
surrounded on aU sides and beneath the capsule by a bright red, 
irregular serrated line (Fig. 2). The liver markings were absent 
throughout and the central portion of the necrotic area was darker 
and softer than the remainder, which was quite pale. A completely 
thrombosed branch of the hepatic artery extended directly into the 
lesion. The bile ducts and larger branches of the portal and hepatic 
veins were patent. The gaU-bladder contained 30 cc, of dark, ropy 
bile. 


Microscopic Examination 

In the hepatic tissue away from the infarct there is a moderate 
degree of passive congestion, numerous areas of central focal necrosis 
and a slight degree of fatty change in some of the hepatic cells. The 
medial coat of the wall of the thrombosed branch of the hepatic 
artery is narrow and atrophied and the intima is markedly thick- 
ened by an eccentric, fibrotic and hyalinized plaque beneath which 
the internal elastic membrane is frayed. The lumen contains an ad- 
herent thrombus consisting of masses of fibrin, fused platelets, weU 
preserved erythrocytes and leukocytes. 

Case 3. Phila. Gen. Hosp. 26368. F. N., a negro, aged 48 years, a chronic 
alcoholic, suddenly developed chills, cough, dyspnea, low blood pressure and 
pulmonary edema followed by a right-sided hemiplegia with fatal termination on 
Oct. 29, 1933. The quantitative estimation of sugar in the blood was 52 mg. per 
cent and of urea 50 mg. per cent. 


Autopsy Report 

The autopsy was performed 20 hours postmortem. The anatomi- 
cal diagnoses were acute vegetative and ulcerative aortic endocardi- 
tis, diffuse suppurative myocarditis, embolic hemorrhagic abscesses 
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of the brain, embolism of branches of the hepatic artery, and in- 
farcts of the liver, kidneys and spleen. 

The liver weighed 1900 gm., was degenerated and studded 
throughout with numerous pale, \vedge-shapcd areas. The lobular 
markings were indistinct. The largest of these areas occupied a 
position along the lateral margin of the left lobe and was traversed 
by a completely occluded branch of the hepatic artery, which con- 
tained strands of fibrin, many leukocytes, erythrocytes and colonies 
of micrococci. The accompanying branch of the portal vein was 
patent. 

Case 4. Jeff. Hosp. D-1618, T. R., a white male, aged 64 years, was ad- 
mitted to the hospital on June 16, 1930 with headache, fever, low blood pressure 
and marked infection of the jaws following extraction of teeth. There were 
small, red, tender nodules about several of the joints which were swollen and 
painful. The white cells of the blood ranged between 800 and 3900 with an aver- 
age of 35 per cent polymorphonuclear leukocytes. There were 1,500,000 red 
blood cells and the hemoglobin was 30 per cent. The urine contained a trace of 
albumin and a few casts. No microorganisms grew in the blood culture. Death 
occurred on July 6, 1930, 


Autopsy Report 

The autopsy was performed 6 hours postmortem. The anatomical 
diagnoses were widespread petechiae of the skin, moderate diffuse 
subcutaneous edema, acute degeneration of the myocardium, con- 
gestion and edema of the lungs, chronic nephritis and senile arterio- 
sclerosis of the abdominal portion of the aorta and its larger 
branches, and multiple infarcts of the spleen and liver. 

The liver weighed 1200 gm,, and showed passive congestion and 
central lobular coagulation necrosis, the smaller branches of the 
hepatic artery being markedly thickened. Scattered, small, sharply 
defined, gra5dsh yellow areas not exceeding 3 cm. in width and softer 
in consistence than the surrounding tissue, were observed on the cut 
surface, especially beneath the capsule. The blood vessels were not 
explored but thrombosed branches of the hepatic artery, portal vein 
and hepatic vein were noted in direct relation to one of the areas of 
necrosis obtained for microscopic study; the thrombus in the branch 
of the hepatic artery was partially organized. The bile ducts were 
patulous and the gall-bladder contained a small amount of thin, 
dark green bile. 
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Case 5. Phila. Gen. Hosp. 27587. A. B., a negro, aged 29 years, with enlarge- 
ment of the heart and an apical systolic murmur died of pyemia on May 16, 
1934, following incision and drainage of a perineal abscess, under local anesthe- 
sia. 

Autopsy Report 

The autopsy was perfoimed 18 hours postmortem. The anatomi- 
cal diagnoses were syphilitic aortitis with aneurysm formation, 
acute bacterial endocarditis of the aortic leaflets, focal embolic 
myocarditis, abscesses of the kidney and perineum, and septic 
thrombosis of small branches of the hepatic artery with multiple, 
small, pale infarcts of the liver. 

The liver weighed 1700 gm. and showed portal venous congestion 
and periportal lymphocytic infiltration. There were several small, 
gray, firm, circumscribed areas 3-5 mm. in the superficial paren- 
chyma. The blood vessels were not explored, but in the deepest por- 
tion of one of the infarcted areas obtained for microscopic section 
there were several necrotic vessels, one of which appeared to be a 
branch of the hepatic artery. These vessels were occluded and sur- 
rounded by masses of closely packed polymorphonuclear leukocytes 
and colonies of micrococci. Abscesses were present in the vicinity of 
the infarct. 

Combined Microscopic Examination of the Pale 
Infarcts in Cases 2, 3, 4 and 5 

Within the areas of infarction there is complete coagulation 
necrosis with preservation of the architectural pattern, which is 
best maintained in the immediate vicinity of the portal radicles, 
whereas in the inner portion of the lobules autolytic changes are 
usually present to a sHght degree. The reticulum is split, frayed and 
tom, and presents a thickened, lumpy, granular appearance, except 
along the outer rim of the lobules. The perivascular tissue spaces 
are edematous and the lumens of the sinusoids are usually empty or 
contain hematoidin burrs, a few heavy, rod-shaped bacteria and 
acidophilic granular debris with fragments of erythrocytes and leu- 
kocytes. Similar material is present in the Kupffer cells, which also 
share in the coagulative necrotic process. The lumens of the 
branches of the hepatic artery and portal and hepatic veins are either 
empty or filled to a variable degree with mottled thrombi or unrecog- 
nizable debris. Practically all the constituent cells of the portal 
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radicles arc necrotic but the fibroblasts, bile duct epithelium and 
smooth muscle cells in the walls of the blood vessels are decidedly 
more resistant than the hepatic cells to the effects of ischemic 
changes. 

The liver cords at the periphery of the infarct are directly con- 
tinuous with others which usually form a sharply delimiting zone, 
0.5-1 mm. thick around tlie area of complete necrosis (Fig. 3). 
This bordering zone presents as a rule a middle layer of coagulation 
necrosis merging on either side into layers of marked leukocytic in- 
filtration, cellular disintegration, and sinusoidal thrombosis which 
is replaced by hyperemia as tlie normal liver tissue is approached. 
In the inner layer the necrotic material of the hepatic cells is cleared 
away by tlie action of macrophages and polymorphonuclear leu- 
kocytes, which penetrate tlie liver cords by way of the perivascular 
tissue spaces and sinusoids which are often outlined as basophilic 
smudges of necrotic phagocytes. The features of this bordering zone, 
which are most characteristic in Cases 2 and 3, are sometimes dupli- 
cated about some of the large sublobular veins, both -within the 
areas of infarction and in the adjacent tissue. 

Combined Eed and Pale Infarct 

Case 6. Phila. Gen. Hosp. 24707. T. R., a negro, aged 37 years, with low 
blood pressure, weakness and excessive thirst, died in coma on Oct. 14, 1932. 
The urine had a spedfic gra-vity of 1029 and contained albumin, sugar and ace- 
tone. 

Autopsy Report 

The autopsy was performed 5 hours postmortem. The anatomical 
diagnoses were acute myocardial degeneration, bronchopneumonia, 
splenic enlargement, portal cirrhosis with fatty metamorphosis and 
multiple pale and red infarcts of the liver. 

The liver weighed 1730 gm. and presented the picture of coarse, 
nodular, portal cirrhosis. On section there were a few, small, fairly 
well circumscribed necrotic areas. The bile ducts were patent and 
the gall-bladder contained 10 cc. of dark green bile. The vessels were 
not explored. 

Microscopic Examination 

Microscopically the liver is composed of varying sized nodular 
areas of hepatic cells showing congestion and an advanced degree of 
fatty change. The central veins are out of their usual positions and 
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the nodules are irregular in size and arrangement and are surrounded 
by broad bands of hyperemic, vascular connective tissue containing 
chronic i nflamm atory cells and proliferated bile ducts. In this con- 
nective tissue several large vessels which cannot be designated as 
arteries or veins contain thrombi composed of slightly basophilic 
granular material largely devoid of cells and fibrin. The changes in 
the areas of necrosis show evolution from red to pale infarction, being 
essentially similar to those already described. There is a marked 
tendency for the connective tissue septa to limit the spread of the 
necrotic process. In several areas of early involvement the reactive 
changes in the bordering zone are not intense and although the he- 
patic cells are necrotic, hemolysis has not advanced to any degree. 
The latter change is followed by the paling process, which begins in 
two or three small areas near the center of the nodule and spreads 
out peripherally. The abundant fat vacuoles appear to be equally 
nmnerous within and without the areas of infarction. 

Organizing Infarct 

Case 7. Phila. Gen. Hosp. 24720. F.B., an insane female, aged 59 years, was 
subjected to cholecystostomy and incision and drainage of the pancreas under 
spinal anesthesia. Fat necrosis of the omentum and peripancreatic tissue was 
found, and death occurred one month later, Oct. 18, 1932. The urine contained 
sugar, albumin, and granular casts. The white cells in the blood were 27,200 per 
cmm. 

Autopsy Report 

The autopsy was performed 10 hours postmortem. The anatomi- 
cal diagnoses were suppurative pancreatitis with fat necrosis of the 
omentum and peripancreatic tissue, sclerosis of the coronary arteries, 
acute myocardial degeneration, bronchopneumonia, generalized pas- 
sive congestion and multiple infarcts of the liver. 

The liver weighed 1170 gm., presented a nutmeg appearance, and 
contained a number of necrotic areas thought to be abscesses in the 
left margin of the left lobe. The blood vessels were not explored. 
The bile ducts were patulous and the mucosa of the gall-bladder was 
thickened and hemorrhagic. 

Microscopic Examination 

A section of one of these lesions contains an irregular area of he- 
patic infarction 1.3 cm. wide surrounded by connective tissue, ex- 
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ccpt beneath Glisson’s capsule which is necrotic, markedly irregular, 
sunk below the general surface level of the liver and covered by an 
organizing peritoneal exudate. The changes in the necrotic area 
resembled those described under pale infarcts with certain additional 
features. The peripheral portion is powdered with chromatin parti- 
cles of inflammatory cell nuclei in the sinusoids and contains heraa- 
toidin burrs and many acicular spaces, probably representing fatty 
acid crystals arranged in sheaves. The outer limits of this periph- 
eral portion consist of a zone distinguished chiefly by the aci- 
dophilic staining reaction of its cytoplasmic masses, and the presence 
of long slender projections of newly formed connective tissue and 
capillaries penetrating at right angles from the capsule surrounding 
the lesion on all sides. This capsule of the infarct (Fig, 4) consists of 
actively organizing connective tissue infiltrated by lymphocytes, 
pigmented monocytes and proUferating tubular structures originat- 
ing mainly from the portal radicles on its outer aspect. The tubules 
are roimd, oval, elongated and irregularly branched structures, 
usually \vith a lumen and lined by small, darkly stained cuboidal or 
flattened epithelial cells with hyperchromatic nuclei, but with no 
mitotic figures. The branches of the hepatic artery and portal vein 
in the portal radicles immediately outside the capsule are com- 
pletely effaced by connective tissue in many instances. One large 
vessel which cannot be identified as either artery or vein contains an 
organized, canalized thrombus. The parenchyma lying adjacent to 
the capsule of the infarct shows dilated sinusoids, pigmentation and 
regeneration. Some of the arterial branches throughout the re- 
mainder of the liver show marked intimal thickening with conse- 
quent diminution in the diameter of the lumens. 

Possible Healed Infarct 

Case 8. Phila. Gen. Hosp, 26506. A. F., a white male, aged 63 years, died 
with a left-sided hemiplegia on Nov. 20, 1933. Examination of the blood and 
spinal fluid disclosed no evidence of syphilis. 

Autopsy Report 

The autopsy was performed 10 hours postmortem. The anatomi- 
cal diagnoses were coronary sclerosis with old and recent myo- 
cardial infarction and endocardial thrombosis, generalized passive 
congestion, encysted thoracic empyema, a small peritoneal abscess, 
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marked atheroma with ulceration of the aorta, senile atrophy of the 
kidneys, possible areas of mesenteric thrombosis, recent splenic in- 
farction and an area of possible healed hepatic infarction. 

The liver weighed 1600 gm. and presented the picture of advanced 
chronic passive congestion with marked fatty change. On the an- 
terior aspect of the inferior border of the right lobe there was a firm, 
white, depressed nodule, measuring approximately i cm. in diameter. 
The bile ducts were patent and the gall-bladder was distended with 
thin, brownish red bile. 

Microscopic Examination 

Histological sections of the nodule disclose a roughly rectangular 
area continuous with Glisson’s capsule, submerged slightly below the 
general surface level of the liver and set off sharply from the hepatic 
parenchyma on the remaining three sides by a zone of proliferated 
tubular structures. It is composed of whorls and interlacing bands of 
comparatively acellular collagen fibrils laid down along the lines of 
the previous pattern of the liver (Fig. 5). The lumens of most of 
the sinusoids are obliterated by fine collagen fibrils, in contrast to 
the more densely arranged hyalinized connective tissue which has 
replaced the hepatic cords. Some of the smusoids are partially 
patent, lined by endothelial cells, and contain normal red blood 
cells, monocytes, lymphocytes and polymorphonuclear leukocytes, 
rarely exceeding ten in number in any single sinusoid. Other 
structures are difficult to designate with any degree of certainty. 
The bile ducts are completely effaced, occasional sublobular veins 
are thrombosed, and a few arterial branches are thickened, usually 
to the point of complete occlusion. There are many small patent 
vessels in some of the portal radicles. This area is surrounded on 
three sides by a wide zone of proliferating tubular structures re- 
sembling small bile ducts and supported by loosely arranged, rela- 
tively avascular connective tissue infiltrated by lymphocytes and 
studded with remnants of several portal areas containing occluded 
hepatic arterial branches. A large portal area just beyond one cor- 
ner of this outer zone contains a thrombosed canalized branch of the 
hepatic artery accompanied by a patent branch of the portal vein 
(Fig. 6). Similar arterial changes are noted in other portal areas in 
relation to the lesion. The branches of the arteries and veins else- 
where in the parenchyma show no thickening. 
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Discussion 

It is generally agreed that the life of the hepatic cell is dependent 
upon an adequate supply of arterial blood and is affected only to a 
relatively slight degree by diminution in the portal blood supply. 
Segall has demonstrated that necrosis of the liver results from more 
or less sudden total occlusion of the main stem of the hepatic artery 
in the absence of accessory arterial twigs or of unusually large col- 
lateral branches. Because of abundant collaterals between the right 
and left main branches, obstruction of either of these arteries leaves 
the liver in its normal condition. Those intrahepatic branches that 
have subcapsular ramifications necessarily have collaterals through 
the surface anastomoses with branches of the phrenic arteries. The 
frequency of occurrence and variability in distribution of these 
anomalous and collateral vessels preclude the possibility of gen- 
eralizing in regard to the probable effects of interfering with the 
blood flow at any particular point in the hepatic arterial tree. How- 
ever, the arterial branches which end within the liver substance and 
do not take any part in the subcapsular ramifications have only an 
extremely limited course of collateral circulation from the anasto- 
mosing small vessels in the portal sheath and around the portal vein, 
bile ducts and nerves; hence, obliteration of these vessels, properly 
designated as end-arteries, will be followed by infarction. 

Occlusion of the hepatic artery or its branches was present in 25 
of the 27 cases of this series; in the other 2 the vessels were not ex- 
plored grossly and the thrombosed branches could not be identified 
as arteries or veins in microscopic sections. The interruption of 
arterial blood flow was considered primarily responsible for the in- 
farction in 23 cases, in 9 of which there was secondary occlusion of 
the accompanying branches of the portal vein. In Orlandi’s fourth 
and fifth cases portal vein occlusion was thought to have preceded 
thrombosis of the arteries. The importance of the relation of the 
blood vessels of the liver to hepatic infarction is clearly demonstrated 
in Kerr’s case, in which the main branch of the portal vein and right 
branch of the hepatic artery were ligated, the areas of infarction 
being confined to the right lobe of the liver. The mechanism 
of hepatic artery occlusion was 'considered to be embolic in 14 cases, 
thrombotic in 5, and surgical ligation in 6. Emboli probably arose 
from thrombotic masses in the heart and aorta. The possible etio- 
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logical factors responsible for thrombosis of the hepatic artery were 
arteriosclerosis, cholecystitis, peritonitis, gastric ulcer, propagation 
of thrombi from the celiac axis, pancreatic necrosis and surgical 
procedures about the biliary and gastro-intestinal tracts. 

Three cases of hepatic infarction occurred in cirrhotic livers. 
Cioni’s case was due to embolism of the hepatic artery from the 
lesions of acute endocarditis. Orlandi’s case was associated with an 
incipient cirrhosis, acute gastritis, pylethrombosis and secondary 
occlusion of the hepatic artery. In our own case of typical portal 
cirrhosis in the active stage, the background for the development of 
infarction is obscure and the large thrombosed vessels noted in his- 
tological sections could not be identified as either venous or arterial 
branches. Kaufmann and Rolleston and McNee believe that 
obliteration or thrombosis of the portal vein in cirrhotic hvers may 
lead to the production of necrotic lesions comparable to infarcts. 
This seems improbable in view of the fact that in advanced cases of 
portal cirrhosis the condition of the hepatic circulation is comparable 
to that which exists following the production of an Eck fistula, and 
the task of suppl5dng sufficient blood to the parenchyma for normal 
metabolism is relegated to the hepatic artery (Mclndoe). Complete 
occlusion of the portal vein imder these circumstances would hardly 
lead to infarction of the liver. 

The retardation of autolytic processes within infarcted tissue in 
the liver resembles that in infarcts of the kidney and spleen. Orth 
stated that following a primary imbibition of extravasated plasma, 
the infarcted areas imdergo a dehydration process and are slowly 
lysed in the course of weeks or months by the action of invading 
leukocytes. Although autolytic changes in the nuclei of the affected 
cells occur relatively early, the inhibition of total autolysis is due to 
the fact that the alkaline plasma, seeping into the necrotic tissue, 
furnishes a poor medium for the action of autolytic enzymes, but 
favors the action of heterolytic enzymes contained in the leukocytes 
along the margin of the lesion (Wells). The explanation of this re- 
tardation seems to lie in the relation between the proteolytic enzyme, 
cathepsin and its activator sulphydryl, which is a reduction product 
of glutathione in its disulphide form- Borger, Peters and Kurz found 
that the concentration of reduced glutathione became rapidly di- 
minished in areas of infarction experimentally produced, indicating 
that instead of the disulphide being reduced to the sulphydryl it is 
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changed to irreversible oxidation products, the oxidation being 
accelerated by the alkaline reaction. With the disappearance of 
sulphydryl, a strong enzymatic action leading to liquefaction can, 
therefore, hardly take place. 

The relation bet^veen fatty changes in necrotic and non-necrotic 
tissue of infarcted livers has been commented upon by Bainbridge 
and Leathes, and Cameron and Mayes, who noted a definite increase 
in the cellular content of free fat in lesions produced by ligation of 
the hepatic artery in animals. In our cases, fat droplets and vacuoles 
indicative of fat appeared to be identical in the area of infarction 
and surrounding tissue in the early stage of the lesion (Cases 1 and 
6) ; later on (Case 2) there was a concentration of free fat along the 
margin which in the late organizing infarct (Case 7) contained many 
acicular spaces of fatty acid crystals. The explanation for the de- 
position of lipoidal substances in the macrophages (Ribbert), and 
elsewhere about the periphery of infarcts (Fischler), is assumed to lie 
in the persistence of cell lipase which synthesizes fatty acid and 
glycerol diffusing into the necrotic area with the plasma, unchecked 
by normal oxidative destruction of these substances (Wells). 

Evidences of regeneration were present in the hepatic parenchyma 
in the vicinity of all the infarcted areas of our cases. These were 
characterized by hypertrophy and hyperchromasia, and by nuclear 
fission and budding, resulting in the formation of binuclear and mul- 
tinuclear hepatic cells. No mitotic figures were observed. Although 
regeneration was regularly more active about the portal radicles 
than in the remaining portions of the lobules, this can probably be 
accounted for by the better blood supply in these areas and is not 
necessarily indicative of the origin of regenerating hepatic cells from 
bile duct epithelium. Tubular structures resembling bile ducts, and 
showing at first no connection ■with hepatic cells, grew out from the 
portal radicles in the viable parenchyma adjacent to the capsule of 
the organizing infarct. In the case of possible healed infarct these 
structures seemed to be continuous in some instances -with the cords 
of liver cells in the surrounding parenchyma but did not give rise to 
hepatic cells -within the lesion itself. 

The sequence of events leading to the ultimate disposure of in- 
farcted areas in the livers of human beings is poorly understood be- 
cause the complicating factors in these cases usually precipitate an 
early fatal termination. In animals subjected to ligation of the he- 
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patic artery the necrotic lesions sometimes undergo abscess formation 
and calcification. In human beings large infarcted areas may become 
sequestrated (Shann and Fradkin), but do not appear to eventuate in 
abscess formation, despite the fact that they are produced by septic 
emboli in some instances, embolic abscesses being present in their 
immediate vicinity and elsewhere in the liver. The only example of 
possible healed infarct reported in the literature is that by Rattone. 
In our case we feel that the evidence favors healed infarction because 
of the relation of the canalized thrombosed branch of the hepatic 
artery to the lesion and the preservation of the architecture in the 
area of involvement in the presence of complete replacement by 
connective tissue. It is logical to assume that had the lesion resulted 
from abscess formation the structural pattern would have been 
destroyed, and if due to tuberculosis the lesion would have had more 
specific characteristics. The negative blood and spinal fluid Wasser- 
mann, negative colloidal gold curve, and absence of other evidences 
of s5q)hilis, all argue against the possibility of gumma. The question 
of tumor formation does not seem to enter into the differential 
diagnosis. 

Jaundice was present in 7 cases of this series of hepatic infarction. 
Factors other than the infarct itself were probably responsible for its 
production, since the secretory and excretory functions of the liver 
can be adequately maintained by a very small amount of normal 
hepatic parenchyma. Factors contributing to the production of 
h3q)erbilirubinemia in this condition appear to be myocardial in- 
sufficiency, infection, pulmonary infarction and cholecystitis in 
association with diffuse regressive lesions in the hepatic parenchyma. 
It is remarkable that Chiari made no mention of jaundice, although 
he reported total infarction of the liver. Following the production of 
necrotic hepatic lesions by experimental ligation of the hepatic 
artery in animals Betz, Asp, and Cameron and Oakley noted no dis- 
turbance in bile formation or excretion. In Graham and Cannell’s 
collected series of 28 cases of accidental ligation of the hepatic artery 
in human beings jaundice was mentioned in five instances. No com- 
plicating factor was evident in Kehr’s case but in the others there 
were calculous cholecystitis (Smith), terminal peritonitis (Ritter), 
hepatic traumatism (Behrend), and rupture, multiple abscesses and 
sequestration of the liver (Sprengle). 
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Summary 

Infarcts of tlie liver may be single or multiple and generally occupy 
a superficial position beneath the capsule unless the area of involve- 
ment is coextensive with a whole lobe or the entire organ, a large part 
of which may undergo sequestration in exceptional instances. In the 
early stages the lesion is usually firm, red, elevated and sharply de- 
marcated by an irregular wavy line of vascular congestion which 
fades gradually into the surrounding parenchyma. In the presence 
of portal cirrhosis the area of infarction seems relatively less firm and 
is limited by the coarser bands of connective tissue. Otherwise the 
extent of the necrosis depends roughly, in the absence of collaterals, 
on the distribution of the branch of the hepatic artery occluded by 
ligatures, emboli in the systemic circulation and thrombi resulting 
from infection or trauma sustained in operative procedures upon the 
biliary system or gastro-intestinal tract. On section the deeper 
border of the infarct is indented along the lines of exit of the branches 
of the hepatic veins and is sharper palpably than visually, although 
the markings of the liver are usually totally effaced in the area of in- 
volvement. A layer of viable tissue is regularly maintained imme- 
diately beneath the capsule of the liver in the early stages and 
assumes the appearance of rete pegs where the collateral vessels of 
the capsule anastomose with those in the superficial parenchyma. 
In the pale infarct the center may be softer and darker, indicating 
apparently that the hemoglobin has greater difficulty in escaping 
from this region, despite the fact that hemolysis seems to occur here 
first. The red color of the entire necrotic area may persist even after 
hemolysis is practically complete, owing to the diffuse staining by 
hemoglobin which escapes chiefly by plasmatic diffusion, the re- 
mainder being broken down into granular and fine needle-shaped 
crystalline pigment. Parenchymal necrosis is evident before hemol- 
ysis has occurred to any extent and, although the sinusoids are 
packed with red blood cells, there is little or no tendency for hemor- 
rhage to occur into the tissue surroxmding vascular structures. 

The delimiting zone of an infarct is characterized at first by 
sinusoidal congestion and by an infiltration of phagocytic cells which 
rapidly increase in number. Ultimately this reactive border and a 
narrow strip of adjacent parenchyma, including the surface of the 
liver along the superficial aspect of the lesion, succumb to complete 
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necrosis and sinusoidal thrombosis. A thick capsule of organizing 
fibrous tissue then forms around the outer limits of the necrotic tis- 
sue, which is invaded only slowly by the proliferating capillaries and 
fibroblasts. Tubular structures resembling pseudobile canaliculi 
proliferate from the portal radicles in the parenchyma bordering the 
capsule of the infarct. Subsequently, as judged by the findings in 2 
cases of possible healed infarction, the connective tissue invading the 
area of necrosis proceeds along the lines of the previous pattern of 
the liver and becomes decidedly denser in the areas formerly occu- 
pied by the hver cords and sinusoids, the normal architecture being 
closely duplicated with ultimate and complete organization of the 
necrotic area. The tubular structures proliferating on the parenchy- 
mal side of the capsule are continuous sometimes with the hepatic 
cells of the liver cords, but do not give rise to hepatic cells within the 
thick wall which they finally form around the central fibrous area. 
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Plate 21 

Fig. I. Case i. Red infarct. The lesion is mottled, sUghtly elevated and shaiply 
demarcated from the surroimding hepatic tissue. Photograph of gross 
specimen. 

Fig. 2. Case 2. Pale infarct. The capsule of the liver is intact in the upper por- 
tion of the illustration, but is tom away along the right upper border. A 
large portal area containing a patent branch of the portal vein and two 
thrombosed branches of the hepatic artery lies in relation to the lower left 
margin of the infarcted area. Hematoxylin-eosin stain, x 2. 

* An excellent reproduction of Mr. H. J. M. Nicuwenhuis’ drawing of an area of 
anemia infarction in the right lobe of the liver following ligation of the right branch 
of the hepatic artery is depicted in the Atlas of Selected Cases of Pathological Ana- 
tomy by W. M. deVries, J. H. DeBussy, Ltd., Amsterdam, 1933, Plate 37. 
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PXATE 22 

Fig. 3. Case 2 . Bordering zone of infarct. 'Jlie capsule of the liv^er with a few 
underlj'ing viable hepatic cells may be seen in the upper portion of the illus- 
tration. Note the sharp line of demarcation between the zone of inflamma- 
tor\- cell infiltration and the area of coagulation necrosis below, x 100. 

I’lG. 4. Case 7. Encapsulated portion of organizing infarct showing necrotic 
tissue above and viable parenchyma at bottom of illustration. Note the 
proliferating tubular structures along the outer aspect of the capsule and 
the invasion of the necrotic margin b}’’ granulation li.ssue. x 100. 




















Platk 23 

Fig. 5. Case 8. Central area of possible healed infarct. The interlacing strands 
of connective tissue suggest liver cords and sinusoids. Portions of two large 
portal areas are present along the lateral margins of the illustration. \’er- 
hoeff’s elastic tissue stain, x 50. 

Fig. 6. The margin of the lesion shown in Fig. 5 may be seen in the left upper 
quadrant of the illustration. A large portal radicle containing a patent 
branch of the portal vein and a canalized, organized thrombosed branch of 
the hepatic artery leads directly into the lesion, x 50. 
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ANNULAR PANCREAS * 


REPORT OF A CASE, WITH A SIMPLE METHOD FOR 
VISUALIZING THE DUCT SYSTEM 

James B. McNaught, M.D., and Alvin J. Cox, M.D. 

{From the Department of Pathology, Stanford University School of Medicine, 

San Francisco, Calif.) 


The term “annular pancreas” or “ring pancreas” is applied to a 
comparatively rare developmental anomaly in which the second 
portion of the duodenum is encircled by a ring of pancreatic tissue. 
In 1933 one of us ^ reported a case of annular pancreas and sum- 
marized 39 other cases from the available literature. The em- 
bryology of the pancreas and the possible explanations for the ring 
portion were reviewed and illustrated, the cases were tabulated and 
an extensive bibliography listed. In most of the carefully described 
cases there was constriction of the duodenum with varying degrees 
of dilatation of the proximal portion of the small bowel, pylorus and 
stomach. Signs and symptoms of high intestinal obstruction were 
frequently reported, hence this anomaly must be considered in 
cases presenting such symptoms. The fact that Smetana ^ reported 
an annular pancreas in a man 74 years of age shows that it is possible 
to live the normal span of life with this anomaly. This patient, how- 
ever, died following a gastro-enterostomy performed to relieve a 
progressive duodenal obstruction caused by the pancreatic ring. 

We have a twofold purpose in writing this paper; first, to record 
another case of aimular pancreas, and second, to call attention to a 
rapid and simple method of accurately tracing the pancreatic ducts. 

In addition to the literature summarized in 1933, we have noted 
3 more reports of annular pancreas.^’ ® The following case brings 
the total niunber of recorded cases to 44. 

Report of Case 

Clinical History: A white male, 70 years of age, noticed an enlarging painless 
mass in the side of his neck for 8 months. He had previously been well except for 

* Supported in part by the Rockefeller Fluid Research Fund of the School of Medi- 
cine of Stanford University. 
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an illness diagnosed as coronary occlusion 3 years before, and mild diabetes 
recognized for 3 years. 

Physical examination showed an obese, aged man with a large, tender, infil- 
trating tumor in the left side of the neck. The heart was enlarged, but there 
were no other abnormal physical findings. 

Laboratory tests were normal. The urine was sugar-free, with a number of 
leukocytes and an occasional hyaline cast in the sediment. The blood sugar 
ranged from 96 to r63 mg. per cent. 

The neck tumor increased rapidly in size and became very painful. Death 
followed progressively increasing weakness. 

Autopsy Report 

Autopsy, No. XXXVII-105, performed 4 hours after death, showed 
the body of an obese male about 70 years of age with a firm 
left cervical tumor 15 cm. in diameter which infiltrated the skin and 
muscle. Both axillae contained walnut-sized lymph nodes. Many 
mediastinal lymph nodes were infiltrated with white tumor and a 
large mass of similar tissue surrounded the upper trachea. The heart 
was slightly enlarged. The descending branch of the left coronary- 
artery was occluded and there was an old scar at the apex of the 
left ventricle. The lungs showed extensive bronchopneumonia and 
pleurisy. The spleen contained small tumor nodules and there was a 
small accessory spleen in the mesentery. The kidneys were fused to 
form a typical horseshoe kidney measuring 29 by 5.5 by 3.5 cm. 
The right renal pelvis contained several small stones. There were a 
few, small, gray tumor nodules beneath the liver capsule. The 
stomach was normal. A flat band of pancreatic tissue 2.5 cm. broad 
and 0.6 to 0.8 cm. thick completely encircled the second portion of 
the duodenum (Fig. i). This tongue of tissue projected to the right 
from the head of the pancreas posteriorly, encircled the duodenum, 
and again fused with the anterior portion of the head in its mid- 
portion. Anteriorly the ring was somewhat flattened over the ter- 
minal branches of the superior pancreaticoduodenal artery. The 
duodenum was not constricted by the ring of pancreatic tissue and 
there was no appreciable dilatation above it. The duodenal papilla 
lay in the usual position. The pancreatic duct of Wirsung measured 
0.6 cm. in circumference and entered the ampulla of Vater -with the 
bile duct. The accessory pancreatic duct of Santorini measured 
0.7 cm. in circumference and opened in the left anterior wall of the 
duodenum 1.5 cm. above the duodenal papilla. The two ducts were 
united in the normal manner. A moderately large duct arose in the 
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left anterior tip of the ring portion, circled the duodenum to the 
right and posteriorly with increasing caliber, and joined the pan- 
creatic duct 2,25 cm- from the duodenal orifice (Fig. 2, da). 

Microscopic Examination 

Histological examination of the organs shows the tumor to be a 
lymphosarcoma. Sections of the kidney and accessory spleen are 
normal, except for arteriosclerotic changes. Sections from various 
portions of the pancreas are normal and islands of Langerhans are 
plentiful. One island in the tail is about five times normal size. 

Anatomical Diagnoses: Lymphosarcoma involving cervical, axil- 
lary and mediastinal lymph nodes, spleen, fiver and skin; broncho- 
pneumonia; acute fibrinous pleurisy; generalized arteriosclerosis; 
old coronary thrombosis with infarction of the heart; thrombosis of 
the left ventricle and the periprostatic veins; renal calculi; biliary 
calculi; mild chronic cholecystitis; hypertrophy of the prostate; and 
the following congenital malformations: horseshoe kidney, accessory 
spleen and annular pancreas. 

General Discussion 

Embryologically, the human pancreas arises as two distinct ento- 
dermal outgrowths, the dorsal and ventral anlages, on opposite sides 
of the intestinal tube. As each elongates, rotation causes the ventral 
anlage to approach and unite with the dorsal. The dorsal anlage is 
large and grows across the body until it reaches the spleen. It forms 
the tail, the body and the ventral portion of the head of the adult 
gland. Its duct opens into the duodenum above the duodenal papilla 
but usually anastomoses with the ventral duct, which ends close be- 
side the common bile duct in the ampulla of Vater. The ventral 
anlage forms a part of the head and the uncinate process of the pan- 
creas. The ventral duct by an anastomosis with the duct of the dor- 
sal pancreas becomes the outlet of the pancreatic duct of Wirsung. 
It will be noted that a large part of the dorsal pancreatic duct ex- 
tending through the tail and body becomes incorporated in this main 
duct of Wirsung and the original outlet of the dorsal duct often 
atrophies but may remain functional as the accessory pancreatic 
duct of Santorini. It is through accurate knowledge of the arrange- 
ment of the ducts in the annular pancreas that its origin has been 
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traced to an anomaly of the ventral pancreatic anlage. The annular 
pancreas differs from the normal gland only in the ring portion, 
which arises from the dorsal portion of the head of the pancreas, and 
the ducts are comparable to those of the normal pancreas. Lecco ® 
believes that the tip of the ventral anlage becomes adherent to the 
duodenal wall so that in the normal rotation and migration this por- 
tion of the pancreas is stretched to form the ring. 

Several methods have been suggested for tracing the ducts of the 
pancreas, but none has proved entirely satisfactory in our hands. 
The ducts may be injected with a dye such as methylene blue or with 
mercury to facilitate sharp dissection, but either is a messy proce- 
dure and often large ducts are unexpectedly cut and true relations 
lost. We suggest a simple and accurate technique for demonstrating 
the duct system without damage to the specimen. 

Injection Technique 

Remove the intact pancreas and duodenum from the body. Cut 
across the tail of the pancreas and insert a small glass cannula into the 
tiny central duct, which mil be easily found (Fig. 2, c). The cannula 
should be anchored by a ligature around the tail of the pancreas. 
Connect the cannula by means of rubber tubing either to a 20 cc. 
glass syringe, as used by HiU ^ for the injection of blood vessels, or to 
an injection system as described by Poth.® The injection material is 
an aqueous bismuth-acacia cream consisting of 10 per cent powdered 
acacia dissolved in boiling water, to which is added 20 per cent finely 
ground bismuth oxychloride. The mixture, when poured through a 
closely meshed cloth to remove the larger aggregates, is ready for use. 
The cream is placed in a syringe or pressure pump connected with the 
cannula in the duct of the tail of the pancreas and slowly injected. 
When the white mixture appears at the duodenal papilla, clamp and 
tie the tip, likewise the end of the accessory duct, if patent, and any 
other points of leakage. The greater the pressure of the injection, 
the more complete will be the filling of the smaller branches of the 
ducts. Remove the cannula and tighten the ligature. The radio- 
paque bismuth suspension clearly outlines the duct system when 
viewed through the fluoroscope. Place the organ in such a position 
that the course of the ducts is readily demonstrated and make a 
roentgenogram for a permanent record. Stereoscopic films are valu- 
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able if the duct system is complicated. The results of an injection 
by the Poth® technique are shown in Figure 2. The specimen may be 
fixed', sectioned and stained as usual. The bismuth will be black in 
the stained sections. 


Discussion of the Case 

Through stereoscopic roentgenographic studies of the course of 
the ducts in our case of annular pancreas it is evident that the ring 
portion had its origin in the ventral pancreatic anlage. The duct of 
the ring opened into the main pancreatic duct close to the ampuUa of 
Vater and was only indirectly connected with the portion of the duct 
which developed in the dorsal anlage. 

This patient lived to the age of 70 years with no complaints 
referable to his annular pancreas or other congenital anomalies. 
Twenty-five per cent of the reported cases of annular pancreas are 
associated with other congenital anomalies. 

Summary and Conclusions 

1. Another case of annular pancreas is recorded, bringing the 
total number of reported cases to 44. 

2. Annular pancreas is undoubtedly a developmental anomaly of 
the ventral pancreatic anlage. 

3. Our case was that of a man 70 years of age with several con- 
genital anomalies but with no complaints referable to them. 

4. A rapid and simple method of accurately tracing the duct sys- 
tem of the pancreas is described. 
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DESCREPTION OP PLATES 
PlATE 24 

Fig. I. Specimen from the case reported, showing the anomalous ring of pan- 
creatic tissue encircling the duodenum. 
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Plate 25 

Pig. 2. Kocntgcnogram of a case of annular pancreas after injection of bismuth 
cream through cannula c. 

DP = duodenal papilla (ampulla of Vater) 

PD = pancreatic duct of Wirsung 

APD = accessor}- pancreatic duct of Santorini 

DA = duct of the annular portion 

BD = metal probe in the upper portion of the bile duct 
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HEMORRHAGIC ENCEPHALITIS * 

A. B. Baker, M.D., Ph.D. 

{From the Department of Pathology, University of Minnesota Medical School, 

Minneapolis, Minn.) 


During the past 15 years we have encountered at autopsy a 
peculiar involvement of the nervous system. Clinically the patients 
present a typical picture of encephalitis; pathologically the most 
striking lesion is a hemorrhage involvement of the brain. We have 
called this disease hemorrhagic encephalitis. Because it is so uncom- 
mon, a careful review of our cases seems warranted in an attempt 
to establish certain important clinical and pathological features, 
and to elicit whatever etiological factors these studies may suggest. 

In reviewing the literature on the subject of hemorrhagic encepha- 
litis one is immediately impressed by the great number of reports in 
which a hemorrhagic condition of the brain followed some infectious, 
toxic or chemical agent. Such reports have been published by Jaco- 
baus, Schmidt, Abt, Alpers, Wiokelman and others. In this study 
we are concerned, however, with a hemorrhagic disease of the brain 
which, so far as we can determine, is primary and is not associated 
with any other pathological condition. Many cases suggesting in 
their clinical picture encephalitis and showing blood-tinged spinal 
fluid have been reported as hemorrhagic encephalitis, but most of 
these patients recovered. This fact renders these reports question- 
able since the clinical picture is so variable that a postmortem 
examination is usually necessary to establish the correct diagnosis. 

The first cases described which seem to fit the syndrome we are 
calling hemorrhagic encephalitis were those of Wernicke, published 

* Acknowledgment is hereby made of assistance received from the Federal Aid 
Students. ^ 
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in i88i. He reported 3 cases, all of which terminated fatally and 
which showed at autopsy numerous petechial hemorrhages in the 
brain substance. In 1885 Striimpell reported 2 cases which clinically 
resembled encephalitis and wluch at autopsy showed markedly dis- 
tended capillaries, hemorrhages in the white matter and some glial 
proliferation. In neither were the ganglion cells involved. Striimpell 
considered his cases as examples of a primary, acute hemorrhagic, 
non-suppurative encephalitis, a term that very aptly describes the 
malady. Staussler in 1902 also reported 2 cases of hemorrhagic en- 
cephalitis which he considered toxic or infectious in origin, although 
he was unable to specify the exact cause in either case. His descrip- 
tion of the cases, viz:, the acute onset in previously healthy individ- 
uals and the presence of numerous small pctechiae throughout the 
brain at postmortem, correspond entirely to the condition that we 
wish to describe. Unfortunately Staussler did not give a detailed 
pathological description of the nervous system in his cases. 

More recently Grinker and Stone reported a series of cases of non- 
suppurative encephalitis. Only one of these falls into the category 
of what we should call hemorrhagic encephalitis. McIntyre reported 
20 cases of an unusual encephalopathy, 13 of which had blood in the 
spinal fluid. Most of these patients recovered, but the few who died 
did not show any of the brain changes so characteristic of hemor- 
rhagic encephalitis. Therefore, the author was probably dealing 
with some other condition and not the one imder discussion. 

General Features 

Our cases of hemorrhagic encephalitis have appeared sporadically 
during the past 15 years at the rate of i to 2 yearly. The condition is 
probably much more frequent than the number of our cases would 
lead us to believe, since our acquaintance with it is h'mited to those 
cases that are accidentally discovered at autopsy. In only 1 of these 
was a correct diagnosis made before death. It seems quite likely 
that numerous fatal cases of hemorrhagic encephalitis occur yearly 
but are not examined and therefore go imdiagnosed. Probably many 
mild cases also occur. These are treated as one of the more common 
and better known ailments, and the individuals recover after an Al- 
ness of varying length. The lack of severe pathological lesions in 
some of our cases suggests the possibility that many non-fatal lesions 
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of this hemorrhagic type occur. In no instance have multiple cases 
of this illness been reported from one family. 

A careful review of our histories reveals no significant etiological 
factors. A few of the patients gave histories of a previous upper 
respiratory infection, but even these had completely recovered be- 
fore the onset of the final iUness. Diminished resistance due to 
physical hardship, serious illness, poor living conditions, malnutri- 
tion and overwork seems to play no part in the pathogenesis of this 
disease, since the patients were, with the exception of one child, weU 
nourished and healthy before the onset of iUness. 

The majority of the cases occurred in patients under the age of 25 
years, the youngest was aged 7 months, the oldest 55 years. Younger 
age groups are evidently predisposed, but that is all one may con- 
clude. The cases were divided about evenly between the sexes. 

The lesion in the brain is chiefly hemorrhagic and predominantly 
in the white matter. The lesions vary widely in number and size. 
Undoubtedly this variability accounts for the lack of uniformity in 
the clinical features of the disease. It is this lack of a definite S3anp- 
tomatoldgy that makes the differentiation from other diseases of the 
central nervous system so difficult. We must recognize the fact that 
a description of the clinical features of this illness must be compre- 
hensive enough to include many variations. But in spite of these 
numerous variations, the disease shows a predominance of a certain 
combination of symptoms and presents a fairly definite entity with 
its t3^ical onset, course, morbid anatomy and localization in the 
brain. 

Symptomatology 

The prodromata generally make an abrupt appearance in a pre- 
viously healthy person. These consist chiefly of headache, lassitude, 
a slight elevation of temperature, and occasionally of nausea and 
vomiting. These are followed rapidly by graver symptoms. In the 
extremely acute case the patient soon lapses into unconsciousness, 
the temperature rises to alarming heights and death occurs within a 
few hours after the first onset of the illness. Five of our patients were 
foimd unconscious. In these no clinical history was available. 

In the less acUte cases, those where the patient survives a few 
days to a few weeks, the early prodromal symptoms (headache, lassi- 
tude, elevated temperature) are succeeded by a clouding of the sen- 
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sorium, the patient becomes dazed and confused, and soon lapses 
into coma. Convulsions of some type are almost always present, but 
signs of meningeal irritation, such as slight stiffness of the neck, are 
observed only occasionally. 

Pyrexia must be regarded as a nearly constant symptom, since it 
was present in almost all the cases and usually remained high 
throughout the course of the illness (Table I). Occasionally a fluc- 
tuating type of fever curve is recorded, but this is the exception 
rather than the rule. The rise in temperature is usually sudden, 
reaching heights of io6°-io8° F. in a few hours after the onset of ill- 
ness. No very evident relation exists between the degree of the 
pyrexia and the course of the disease, since some patients with only 
moderate fever died within a few hours of onset while others with 
very high temperatures lived for many days. 

Convulsions of some kind were recorded as occurring in 12 cases 
(Table I). These manifested themselves shortly after the onset of 
illness; some were tonic in character and continuous until death, 
some were tonic but periodic in occurrence, some epileptiform in 
nature, others were generalized and clonic in type, while stiU others 
were described as “vermicular movements of the upper and lower 
extremities.” As a rule, however, convulsions were generalized and, 
therefore, of very little localizing significance. 

Ocular palsies such as ptosis were not noted, while ocular dis- 
turbances were recorded in 4 cases. These varied from very slight 
changes, such as sluggishness of pupillary reactions in 2 cases, to 
marked mydriasis in the other 2. In no case was mention made of 
nystagmus or of the presence of an Argyll Robertson sign. Changes 
in the eyegroimds were rare. However, a fimdus examination was 
recorded in but half the cases. The changes, when they did occur, 
consisted merely of a slight blurring of the disk. The involvement of 
other cranial nerves was rare. In one case (No. 14) there were dis- 
tiurbances in swallowing. 

Spasticity of the extremities and reflex distmrbances were frequent, 
although their absence was by no means significant (Table I). With 
the exception of those extremely acute cases where death took 
place before careful examination could be made, spasticity of the 
limbs was a constant finding. The spasticity was either periodic or 
constant, often persisting throughout the illness. The deep reflexes 
were described as increased, decreased or unequal. Pathological 
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reflexes were noted in over one-half the cases in which the reflexes 
were studied. A striking feature regarding them was their varia- 
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Clinical Features of Hemorrhagic Encephalitis 
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bility from day to day or even from hour to hour. Indeed this rapid 
change of signs and symptoms was common in our cases. 

Certain of the patients gave histories of disturbances of sweat 
secretion, as well as chills of an indefinite nature, diarrhea and 
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abdominal pain (Cases 7, 8, 11, 15, 19). Aside from the S3anptoms 
referable to the nervous system, the somatic findings v;ere negligible. 
The heart rate was occasionally increased, but no other significant 
findings are recorded. The clinical features of our 20 cases of hemor- 
rhagic encephalitis are tabulated in Table I. 

To recapitulate, hemorrhagic encephalitis may be characterised 
as an acute ailment of the central nervous system occurring in pre- 
viously healthy young individuals and manifesting itself by a sudden 
onset, headache, an abrupt rise of temperature and a rapid loss of 
consciousness. Convulsions arc common, the extremities are spas- 
tic, and the reflexes are frequently abnormal and variable. Death 
ensues in from a few hours to several days after the onset of illness. 

Laboratory Findings 

Blood studies were made in only 8 cases (Table II). The changes 
in the blood were not pathognomonic. There was usually a moderate 
leukocytosis, the counts rarely exceeding 25,000 leukocytespercmm., 
while in 2 cases the leukocyte count was normal. The white count, 
like the temperature, gave us no indication as to the prognosis of the 
disease. In all but i case the red blood count was within normal 
limits. The Wassermann reaction was negative in all the cases. 

The cerebrospinal fluid was studied in 12 cases and although not 
always decisive, often provided the most valuable due to the clinical 
diagnosis of the disease. Increased pressure was noted in 5 cases 
(Table 11 ). The cell count in the spinal fluid varied greatly — from 
none to a large number. Five cases showed no pleocytosis but in the 
others the cells varied from 10, 35 and 50 cells per cmm. to as high as 
560 cells per cmm. in i case (Case 20). In many of the fluids poly- 
morphonuclear leukocytes were numerous, often constituting as 
many as half the cells. 

The spinal fluid was generally clear but in 4 cases it was slightly 
blood-tinged (Table II). It is this latter finding that should make 
one suspect this ailment. Whenever a bloody spinal fluid is obtained, 
together with the above clinical picture, hemorrhagic encephalitis 
must be considered in the differential diagnosis. In only an occa- 
sional case, however, do the cerebral hemorrhages approach close 
enough to the surface of the brain or ventricles to give a blood- 
tinged fluid. 
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Table II 


Laboratory Findings in Hemorrhagic Encephalitis 


Case 

White 

1 

Red 

Spinal fluid 

No. 

blood count 

blood count 

pressure 

cells 

3 

per cmm. 

per cmm. 


per cmm. 

Bloody 

6 


\ 

Clear 

Normal pressure 

3 cells 

7 



Clear 

Normal pressure 

5 cells 

8 

9,Soo 

(83%P.M.N.) 

5,136,000 

Clear 

Increased pressure 

10 cells 

9 

16,300 

(82% P.M.N.) 




10 

8,000 

4,150,000 

Clear 

Increased pressure 

35 cells 

II 




Bloody 

1 

12 

1 


i 

Clear 

Normal pressure 

2 cells 

IS 

17,000 


Clear 

Increased pressure 

50 cells 

16 

14,000 

(91 % P.M.N.) 

4,600,000 

Clear 

Normal pressure 

Bloody 

18 

11,600 

(8s % P.M.N.) 


Increased pressure 

Bloody 

19 

21,100 

(81 % P.M.N.) 


Clear 

Normal pressure 

10 cells 

20 

25,000 

(71% P.M.N.) 

2,160,000 

Increased pressure 

560 cells 


The spinal fluid Wassermann reaction was invariably negative. 
The urine examinations did not reveal any pathological changes. 


Clinical Dheerential Diagnosis 

Although most of our experience has been with the very acute and 
rapidly fatal form of the disease, it is likely that a considerable num- 
ber of cases may take a milder form and recover. Numerous transi- 
tory cerebral disturbances may be due to this masked form of the 
disease. Unfortimately, the absence of a blood-tinged spinal fluid 
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precludes a clinical diagnosis of hemorrhagic encephalitis, even in the 
extremely severe cases. However, we feel certain that since we meet 
about 2 cases yearly in our autopsy service, the condition must be 
more prevalent than this number would seem to indicate and that 
many cases must escape our attention either because of recoveiy or 
misdiagnosis. 

It is because of the difficulty of diagnosis that we are unable to 
make even a tentative statement regarding the prognosis or the 
sequelae of this disease. A statement of the mortality would be 
justified only if we knew some method of detecting the milder cases. 

The differential diagnosis in hemorrhagic encephalitis must be 
discussed from two points of view, namely the clinical and the patho- 
logical. The latter will be treated in detail in a later paragraph. The 
scope of this paper does not permit a complete discussion of each of 
the numerous clinical conditions with which this disease might be 
confused. We must content ourselves here with merely listing them, 
together with some of their most complete references. 

Clinically the disease that resembles our cases most closely is the 
lethar^c encephalitis of von Economo. Especially is this true of the 
somnolent form which bears a strildng similarity to our cases. 
Among the numerous other conditions which resemble hemorrhagic 
encephalitis clinically are: the bulbar type of poliomyelitis; the 
encephalitis following smallpox and rabies vaccination (Gordon and 
Rhea, Wilson and Ford, Flexner, Denson, Scott, Hekman, Huber); 
the encephalitides following the infectious diseases, measles (Lowen- 
burg and Schaffer, Skoog, Guthrie, Smith, Box, Fox, Fairbanks, 
Beach, Jenkins, Bruce, Ford, Horwitt, Walthard), scarlet fever 
(Boenheim, Neurath, Schilder), typhus (Jarisch, Feldmann, 
Grodzki, Morawetz), whooping cough (Askin and Zimmerman, 
Bertoye, Mikulowski, Boenheim), and dysentery (Lenhartz, But- 
tenwieser); the encephalitides resulting from the various metallic 
poisonings such as lead (Hassin, Kato, Lewin and Treu, Waterfield, 
Barron and Habein), and arsenic (Fischer, Hahn, Globus and Gins- 
burg) ; the acute form of disseminated sclerosis; the cerebral involve- 
ment following botulism (Wilbur and Ophuls, Meyer, Cox, Smith), 
and alcoholism (Gamper, Ohkuma, Neuburger, Bender and Schil- 
der); cerebral syphilis; brain tumors; meningitides, chiefly tuber- 
ciflous; influenza (Mouriquand, Bemheun and Boucomont, Eiwin 
and Wurman, Ehner and Boylan) ; certain cases of subacute bacterial 
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endocarditis; and finally cases of spontaneous subarachnoid hemor- 
rhage. The last two conditions deserve particular mention because 
they may show, besides their confusing chnical history, a blood- 
tinged spinal fluid, which is the one essential feature in the clinical 
diagnosis of hemorrhagic encephahtis. In some cases of subacute 
bacterial endocarditis small emboli lodge in the brain, producing 
areas of infarction. If these cerebral infarcts are situated close to the 
surface of the brain or the ventricles, a bloody spinal fluid might be 
present. We have studied one such case tliat clinically presented a 
typical picture of hemorrhagic encephalitis, including the bloody 
spinal fluid. At autopsy the correct diagnosis was readily apparent. 
Spontaneous subarachnoid hemorrhage occurs most frequently in 
young people, and if the bleeding is slow, the numerous clinical 
findings, together with the bloody spinal fluid, make a diagnosis 
very difficult. Forbus has studied this subject and has shown that 
in young people the bleeding is most often due to rupture of an 
aneurysm of a superficial cerebral artery. 

Pathological Alterations 

The lesions found at postmortem in hemorrhagic encephalitis 
constitute the essential characteristic feature of this disease. Un- 
fortunately, though the lesions are fairly characteristic, they are not 
pathognomonic. Numerous other conditions (which will be dis- 
cussed later) may produce a somewhat similar anatomical picture. 
However, with a good history at hand one should be able, in the 
presence of the pathological features to be described below, to arrive 
at a correct diagnosis of this disease. Striimpell, in 1885, was the 
first to describe the fundamental features of the cerebral involve- 
ment in hemorrhagic encephalitis. He considered his cases char- 
acteristic enough to constitute a pathological entity, which he 
described as a “primary, acute, hemorrhagic, non-suppurative 
encephalitis.” 

The dura mater shows no change, except for occasional congestion 
of its vessels. The leptomeninges are also normal, except in a few 
cases in which they show moderate hyperemia and diffuse edema. 
There is no thickening or purulent involvement of these membranes. 
The cerebrospinal fluid pressure may be increased, but the convolu- 
tions of the brain do not appear flattened. In 2 of our cases there was 
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a diffuse thin layer of blood beneath the arachnoid. These extrava- 
sations were quite marked, covering a large surface of the cortex 
and producing a bloody spinal fluid. Careful examination of the 
brain surfaces revealed no definite bleeding point. Two other cases 
(Nos. i8 and 20) showed on the surface of the cortex large areas of 
discoloration and softening, which on section proved to be large 
hemorrhagic areas that had destroyed the brain tissue and extended 
from the white substance into the cortex. In only i of these cases 
had the erythrocytes actually broken into the subarachnoid space to 
produce a blood-tinged spinal fluid (No. 18). 

Generally, therefore, (16 of our 20 cases) the external gross appear- 
ance of the brain is normal, although occasionally the hemorrhagic 
process is obvious, even from the external examination. 

Coronal sections through the brain reveal a uniform and striking 
gross picture. Scattered irregularly through the brain, but without 
localization to a particular region, are numerous sharply circum- 
scribed hemorrhages of variable size and number. These are char- 
acteristically located in the white substance, with only an occasional 
petechia appearing in the cortex (Fig. i). In many cases the hemor- 
rhages are very small, few in number and either scattered diffusely 
throughout the tissue or collected in tiny groups in certain regions of 
the brain, particularly around the ventricles. In other cases these 
tiny hemorrhages are extremely numerous, completely filling the 
tissue and producing a speckled appearance in the gross section. 
These hemorrhages are often so small that it is difficult to determine 
grossly whether they are true bleeding points or merely dilated ves- 
sels. Upon microscopic examination under moderate magnification 
the true nature of the tiny extravasations can readily be perceived. 

In some sections larger, widely scattered, irregular areas are en- 
coimtered which have the appearance of confluent punctate hemor- 
rhages, These are often surrounded by munerous petechiae of 
smaller size. The larger hemorrhages are found only in sections 
where the smaller ones are numerous and are closely packed together, 
suggesting that these larger hemorrhages are formed by the fusion 
of the smaller ones. The brain tissue does not appear softened or 
altered about any of these medium sized hemorrhages. 

In an occasional case very large hemorrhages are found (2 of our 
20 cases) (Fig. 2). These may be so extensive that they destroy 
large areas of brain tissue. They not infrequently extend through the 
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cortex into the subarachnoid space or into the ventricles. These are 
the solid masses of blood that are visible as discolored areas upon ex- 
ternal examination of the brain. Around these massive hemorrhages 
are seen many minute to moderate sized effusions of blood. Again 
one gains the impression that the larger extravasations are formed 
by the fusion of numerous smaller ones. The brain tissue surround- 
ing these large hemorrhages is softened and necrotic. 

The large vessels at the base of the brain and their branches are 
normal. There is no evidence of any sclerosis, thrombosis, or embo- 
lism. In none of the cases was there found an aneurysm of these 
vessels. 

The great variation in degree of the hemorrhagic cerebral involve- 
ment in this condition can be illustrated by briefly contrasting the 
gross appearance of the brains in 2 of our cases (Nos. 15 and 20). 
In the first of these the hemorrhages were almost entirely small and 
discrete (Fig. i), while in the second they were massive and accom- 
panied by a large amoimt of injury to the brain tissue (Fig. 2). 

Case 15 was that of a 55 year old female who died after an illness 
of but a few days duration. At autopsy the meninges appeared nor- 
mal. Aside from slight distention of the small vessels, no sign of any 
pathological disturbance was apparent from the external examina- 
tion of the brain. Serial sections, however, revealed a very extensive 
hemorrhagic involvement (Fig. i). Throughout the brain substance 
there were nmnerous, small, petechial hemorrhages which, although 
variable in size and number, always remained comparatively small. 
These hemorrhages were chiefly disseminated throughout the white 
substance. There were a few small groups in the subcortical region 
of the parietal lobes. These at no time fused to form large hemor- 
rhages. Only a few scattered points of bleeding were found in the 
brain stem and none at all in the cerebellum. The brain tissue did 
not seem softened, even in the region of the most numerous hemor- 
rhages. The ventricles were dear and their walls contained no ac- 
cumulation of red cells. The findings in this case illustrate the small, 
uniform, punctate type of lesion so commonly seen in hemorrhagic 
encephalitis of the rapidly fatal type. These hemorrhages are occa- 
sionally so small (No. 19) that grossly one is unable to determme 
whether they are true extravasations of blood or merely dilated 
vessels. 

In contrast to this case. No. 20 exemplifies those with massive 
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irregular hemorrhages and with a marked destruction of brain tissue 
(Fig. 2). This patient, a child, died 2 weeks after the onset of illness. 
On external examination of the brain, the pathological involvement 
was immediately apparent. On the inferior surface of the left frontal 
lobe and on the lateral surfaces of the left parietal and temporal 
lobes of the brain there appeared a purplish discoloration and a 
marked softening of the cortex. The right half of the cerebrum, the 
pons, the meduUa and the cerebellum seemed normal externally. 
Sections revealed a marked involvement of the left half of the brain 
and a much milder process on the right. 

Sections through the left cerebral hemisphere revealed large 
hemorrhages containing fresh and old blood, and a marked destruc- 
tion and softening of the brain tissue. The hemorrhages varied in 
sike from pin-point extravasations to confluent areas measuring 7 to 
9 cm. in diameter and containing masses of old clotted blood. A 
large area of involvement was present in the anterior portion of the 
left frontal lobe where the necrotic brain substance extended almost 
to the cortex. In the left parietal and temporal regions the hemor- 
rhage involved large areas of the white substance and extended 
through the cortex to the surface of the brain, but did not break 
through into the subarachnoid space. The left occipital lobe con- 
tained only an occasional small hemorrhage. In the upper part of 
this region there was a single hemorrhage measuring i cm. in each 
dimension. The ventricles were free from blood, although numerous 
petechiae were scattered throughout their walls. The basal nuclei 
were strikingly free from involvement. 

The right half of the brain contained numerous, small petechial 
hemorrhages scattered through the white substance, the internal 
capsule, and the anterior extremities of the caudate and of the len- 
ticular nuclei. This latter region appeared somewhat softened. The 
right lateral ventricle was free from blood, although the tissue sur- 
rounding its anterior horn was hemorrhagic and necrotic. This area 
was the only one in the right half of the brain in which the hemor- 
rhages assumed a notable size, surpassing in magnitude the lesions 
described in the previous case. 

The lesions described in the left half of this brain present a striking 
contrast to those in No. 15. Our series of cases presented aU grada- 
tions between the extremes described above, as well as all possible 
degrees of dissemination and types of localization of the lesions. 
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Microscopic Alterations 
Normal Brain 

To appreciate fully the microscopic changes appearing in the cen- 
tral nervous system in hemorrhagic encephalitis, it is necessary to 
have a thorough understanding of the normal histology of the cere- 
bral vessels, as well as the normal variations that may be encoun- 
tered in a routine study of apparently normal brains within any 
single age group. In order to study the normal brain we selected 
from our coroner’s service thirty apparently normal brains from in- 
dividuals under 35 years of age, aU of whom died from some extra- 
cerebral condition such as gun-shot wounds of the abdomen or 
various other abdominal conditions. Brains of younger people were 
used in order to eliminate the problem of normal age changes, and to 
facilitate a comparison with our cases of hemorrhagic encephalitis 
which usually occurred in younger individuals. 

The arteries that supply the brain are quite different from similar 
sized arteries in other parts of the body. The average small cerebral 
artery is characterized by a well developed elastica interna, and a 
media composed of a large amount of collagenous tissue with a few 
elastic fibrils and muscle fibers. The adventitial coat is scanty or 
entirely absent. 

The internal elastic lamina is the most conspicuous part of the 
cerebral vessel and is both relatively and absolutely thicker than in 
sunilar sized vessels elsewhere. Often fine elastic fibrils can be ob- 
served extending outward from the elastica interna and branching 
through the medial layer. 

The media consists of concentrically arranged, anastomosing col- 
lagenous fibers, among which are found some smooth muscle tissue 
'and a few elastic strands. With the azocarmine stain it is apparent 
that even in young individuals the collagenous tissue is relatively 
much more abundant in the cerebral arteries than in arteries of cor- 
responding size elsewhere. 

The adventitia is often entirely absent in the small cerebral ar- 
teries. When it is present it consists of a few strands of collagenous 
fibers which partially or completely surround the medial layer. 

The arteries of the white substance of the brain differ somewhat 
from those of the cortex in that they contain even less muscle in their 
media. 
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A more complete description of the cerebral vessels will appear in a 
separate publication. 

In a sur\'ey of a series of normal brains there were found about the 
vessels a few changes which occur often enough to indicate that they 
are apparently not of pathological significance. Most of the capil- 
laries and tiny arterioles are empty and collapsed, or at most contain 
but few erythrocytes. The larger arterioles and the small arteries 
are often filled with red cells. In some normal brains, however, 
many of the capillaries are distended, and in still others all of the 
cerebral vessels from the smallest to the largest are full of erythro- 
cytes. Occasionally a small vessel is observed about which a very 
thin collar of erythrocytes can be seen. This perivascular hemor- 
rhage, if severe, is a definite lesion, but it may be detected occasion- 
ally about vessels in normal brains. These extravasations are always 
very small and consist of only a few cells which partially surround 
the vessel. A few arteries are observed which present a slight in- 
crease of mononuclear cells in and about their outer walls. From 
these observations it becomes apparent that a moderate capillary 
dilatation, an occasional perivascular hemorrhage, or sh'ght mononu- 
clear infiltration, must be considered in the range of normal varia- 
tion. 

Our routine microscopic studies of the nervous system included 
sections taken from numerous cortical areas, the basal ganglia, the 
midbrain, the cerebellum and the medulla oblongata. These were 
stained in one or more of the following ways: hematoxylin-eosin, 
Weigert’s myeh'n sheath stain, iron hematoxylin-Van Gieson, 
NissFs method, Bielschowsky’s stain, Sudan HI stain for fat, CajaFs 
gold sublimate stain, and del Eio-Hortega’s silver carbonate 
method. The last two methods proved the most successful in our 
hands in demonstrating the detailed structure of the astrocytes and 
microglia. In both of these methods the fresh tissue was fixed in 
CajaFs formalin-ammonium-bromide solution; the tissue that had 
already been fixed in formalin was subjected to bromuration. This 
latter process was suggested by Globus. It consists in placing forma- 
lin-fixed tissue in distilled water to which has been added one drop 
of strong ammonium hydroxide for each cc. of water. The tissue is 
left in this solution overnight, then washed and placed in a 10 per 
cent hydrobromic acid solution for i to 3 hours. Sections are then 
ready for impregnation with either gold or silver. 
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Appearance of Brain in Hemorrhagic Encephalitis 

The most characteristic feature of the microscopic appearance of 
the brain in hemorrhagic encephalitis is the presence of numerous 
hemorrhages that vary in magnitude from extensive extravasations 
which destroy much brain tissue to tiny perivascular bleedings. All 
degrees of variation can be found between these two extremes. 
Usually the hemorrhages are scattered irregularly throughout the 
white substance of the cerebrum, occasionally some are grouped to- 
gether in certain regions, while the rest of the tissue contains only 
dilated capillaries or a few perivascular erythrocytes. The hemor- 
rhages, unless very extensive, are strictly limited to the white sub- 
stance. When they are large they may tear through the cortex and 
reach the surface of the brain (Fig. 3). These massive hemorrhages 
are usually surrounded by petechiae of variable size. It is often pos- 
sible to reconstruct the successive stages in the fusion of these pete- 
chiae to form the larger hemorrhagic areas. In many cases what ap- 
pears grossly to be solid masses of extravasated blood is readily 
recognized microscopically to consist of a conglomeration of numer- 
ous small hemorrhages. 

Most of the small hemorrhages assume a perivascular arrange- 
ment (Fig. 4). The earliest stage in their formation consists of a few 
erythrocytes scattered about the tiny vessels. When the larger 
arteries are involved the red cells at first fill the perivascular lymph 
space, tearing the glial fibers away from the vessel wall. As the 
hemorrhages increase in size, they break through the ring of glial 
tissue into the surrounding tissue, causing various degrees of injury 
to the brain and the interruption of some of the nerve fibers in the 
vicuuty. Sections taken shortly after this tissue injury has occurred 
show little or no reaction of the cerebral elements, but after a few 
days extensive alterations are visible. These changes wlQ be dis- 
cussed in a later paragraph. 

Ball of Solid Hemorrhages: Bleeding from the larger vessels al- 
ways results in solid accumulations of red cells termed '‘baU hemor- 
rhages.” These, either singly or fused, are by far the most frequent 
type of hemorrhage observed in the brain (Fig. 5). Although they 
often are so numerous that they replace large areas of brain tissue, 
they have a tendency to remain discrete. They usually have at their 
center a ruptured vessel (Fig. 4). In many, the vessel is not visible. 
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although tlic rounded uniform arrangement of the hemorrhage cer- 
tainly suggests a vascular origin. The vascular injury tliat permits 
these solid hemorrhages to be formed can be demonstrated by care- 
fully studying the walls of the involved vessels. In the early cases 
little or no change can be detected in .spite of a most careful study. 
Evidently sufficient time has not elapsed for the morphological 
changes to occur. One of the earliest changes apparent in the vessels 
is a loss of the normal staining reactions in certain portions, suggest- 
ing an early degeneration. This is followed by a thinning out of 
certain areas of the elastic lamina with a resultant defect of the wall. 
In the smaller vessels the collagenous layer of the wall is too thin to 
provide a sufficient support in tliose regions where the elastica has 
degenerated, and soon one may detect a bulging of the weakened 
wall and a streaming of red cells through into the surrounding tissue. 
The larger arteries have a thicker supporting collagenous membrane 
and a few muscle fibers which prevent bleeding even after the elas- 
tica interna has thinned out and ruptured. However, in some of 
these arteries, after the elastica has degenerated, the collagenous 
fibers of the media also become frayed and tom in various areas. 
The erythrocytes then follow the tears in the wall and eventually 
break through to the outside. Many vessels present a swelling and 
hyah'ne degeneration of the elements of their walls. There is a loss of 
differentiation into the normal layers and the walls become homo- 
geneous and rupture. 

StiU another change is frequently observed, especially about the 
smaller vessels. This consists in endothelial proliferation which may 
be moderate, replacing the vessel wall, or so extensive as to reach 
tumor-like dimensions. No hemorrhages are observed about these 
vessels, suggesting that the endothelial proliferation has probably 
strengthened the walls sufficiently to prevent rupture and hemor- 
rhage. 

Ring Eemorrhages: Another type of hemorrhage which often 
occurs is the so-called ring hemorrhage. This presents a clear unin- 
volved center surrounded by a dense ring of erythrocytes (Figs. 6, 7). 
It is caused by the rupture of numerous tiny capillaries which sur- 
round the larger vessels. They, therefore, take the form of a partial 
or complete ring, depending upon the degree of capillary dismption. 
When the capillary damage is very severe the red blood cells infil- 
trate into the clear center of the ring, producing the appearance of a 
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solid hemorrhage, with the exception that the hemorrhage in these 
cases is usually less dense in the center than in the periphery. Often 
the clear centers of these ring bleedings consist of degenerated brain 
tissue infiltrated with numerous scavenger cells. The damage to the 
brain tissue surrounding these hemorrhages is similar to that in the 
solid type and, as in those, depends upon the size of the extravasa- 
tion. 

Diffuse Hemorrhages: The cerebral hemorrhages are not neces- 
sarily limited to the region of the blood vessels but often appear as 
diffuse extravasations (Fig. 8). When only a few erythrocytes are 
found scattered through the nervous tissue there seems to be no 
definite injury to the immediate structures. As these diffuse hemor- 
rhages become more extensive the damage to the brain tissue in- 
creases. In the small hemorrhages the red cells merely push the 
cerebral fibers apart without causing them to rupture, but the in- 
crease in the number of erythrocytes results finally in a rupture of 
many of the fibers, followed by demyelinization and infiltration of 
fat granule cells. This latter picture can be very readily demon- 
strated with a modified silver stain (Fig. 9). 

Perivascular Demyelinization: When death occurs in hemorrhagic 
encephalitis within the first 24 hours of the disease, hemorrhages 
alone are detectable in the brain substance. Undoubtedly some dam- 
age has occurred, but insufficient time has elapsed for evidence of 
that injury to become visible microscopically. Many patients sur- 
vive the first few days, and in these it is easy to observe the char- 
acteristic alterations in the brain tissue which may not only accom- 
pany the hemorrhages, but may also occur independently of them. 
The latter changes usually occur about the blood vessels, producing a 
perivascular demyelinization (Fig. 10). The perivascular alterations 
are at first very slight, consisting of myelin destruction with a be- 
ginning infiltration of scavenger cells (Fig. ii). In the more ad- 
vanced stages the perivascular demyelinization is extensive, and the 
infiltration of scavenger cells filled with fatty debris is marked. A 
slight proliferative reaction of the neuroglia situated near the pe- 
riphery of the destroyed area may now be detected. The end result 
of this destructive process is a complete demyelinization around the 
vessel (Fig. 10). The destroyed area ultimately contains only a few 
scavenger cells, but there is a great increase in glial fibers laid down 
by the proliferating astrocytes. There are no hemorrhages about 
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these vessels. These areas of non-hemorrhagic perivascular demye- 
linization strongly suggest the possibility that in this disease some 
neurotoxin is disseminated by means of the cerebral vessels and pro- 
duces either vessel injury and hemorrhage, or no vessel injury but 
perivascular tissue damage, depending upon its localization. 

The cytological changes that occur both in the non-hemorrhagic 
degenerated areas and in the tissue surrounding large hemorrhages 
arc similar and will, therefore, be described together. The chief cellu- 
lar elements involved in cerebral injury arc the microcytes and the 
astrocytes. Special stains arc essential for a detailed study of these 
elements. These stains have been listed in a previous paragraph. 

Microglial Changes: The normal microglial cells were first studied 
in detail in 1921 by del Rio-Hortega who worked out their mor- 
phological and structural details, their transformation into rod cells 
and fat granule cells, their motility and their phagocytic functions. 
This author firmly believed that these cells are mesodermal in origin. 
This view is -widely accepted (Penfield, Jimenez de Asua, BeUoni, 
Ramirez Corria, Russell and others). Numerous names have been 
applied to this cell, such as Nissl’s StabchenzeUen, ameboid wander- 
ing cells, granulo-adipose cells, Gitterzellen, compound granular 
cells, scavenger cells and fat granule cells. The last two terms will 
be used interchangeably in this discussion. 

The microglial cells invade areas of cerebral damage and remove 
the destroyed tissue. In order to discharge their functions these cells 
develop marked migratory and phagocytic properties. Shortly after 
a brain injury occurs, regardless of the nature of the injurious agent, 
these cells draw in their processes and move toward the injured area. 
After reaching the site of injury they may increase in size and nmn- 
ber (Fig. 12). Some investigators still doubt their migratory ability, 
but sufi&cient e-vndence is available to establish their migratory and 
phagocytic powers. The tendency of these fat-laden scavenger cells 
to accumulate about the blood vessels and even to invade their 
lumens speaks strongly for their migratory faculty. 

The normal resting microglial cells can usually be identified -with 
the routine nuclear stains, since their nuclei are the smallest in the 
nervous framework and are variable in shape, being round, oval or 
triangular. They contain a large number of deeply staining chromatin 
granules and have a distinct nuclear membrane. Their cytoplasm is 
not visible -with ordinary stains. Special staining reveals a scanty 
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cytoplasm wMch is prolonged into numerous wavy and branched 
processes that gradually thin out and terminate some distance from 
the cell body. Normal microglial cells may be unipolar, bipolar, or 
multipolar; the latter are the most frequent (Fig. 12). 

In the early destructive changes in hemorrhagic encephalitis the 
increase in the number of microglial cells is slight. Most of these 
cells are elongated td form the so called “rod cells. The transitions 
between these rod forms and the normal microglia can readily be 
demonstrated in a study of the invading cells. As del Rib-Hortega 
and Penfield have pointed out, there is a gradual retraction of the 
cell processes, resulting in the formation of cells with elongated 
nuclei and two broad bands of perinuclear cytoplasm. These cells 
have a typical rod shape. Only an occasional cell is seen that has 
developed into the rounded fat granule form. When fat stains are 
applied in this early stage only a few of the altered forms are found 
to contain fat granules, since the rod cells do not possess marked 
phagocytic ability. If the patient succumbs early in the disease, this 
is as far as the morphological changes have advanced. 

The older degenerated lesions are filled with typical scavenger 
cells. As one passes from the normal tissue into the injured areas the 
complete metamorphosis of the microglia into rod cells and finally 
into fat granule cells is readily observed. The latter cells are globu- 
lar in form, have no cytoplasmic processes and vary widely in size 
and shape (Fig. ii). They are usually fiUed with fat droplets. They 
are very abundant in the regions of severe degeneration and repre- 
sent an advanced stage in the process of the phagocytosis and 
removal of destroyed tissue and extravasated red blood cells. A 
fat stain applied to material at this period shows all stages in the 
process of phagocytosis. Some cells contain only a few fat granules; 
others are completely filled. The scavenger cells vary in size from 
small cells with a central nucleus and a few fine fat droplets to large, 
irregular bodies in which the nucleus becomes eccentric or is entirely 
invisible because of the large accumulations of fat. Many cells reach 
tremendous dimensions. These are often multinucleated. A perivas- 
cular arrangement of these fat-filled cells was not observed in any of 
the sections. A moderate amount of fat may be observed lying free 
in the demyelinated areas. 

In the periphery of the larger hemorrhages the fat granule cells 
ingest not only fat but also red cells and parts of red cells. Pecul- 
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iarly, hemorrhages do not stimulate the changes in the microglia in 
the absence of brain injury. Granule cells were never found around 
the smaller hemorrhages. Their faculty for ingesting red cells seems 
to be subordinate to the removal of the fatty debris. 

Some scavenger cells undergo degeneration, and present pyknosis 
of the nuclei and a cytoplasmic disintegration. These cells are in- 
frequent, but quite characteristic when present. 

Changes in the Astrocytes: WTien the microglial cells have accom- 
plished their phagocytic function and have begun to decrease in 
number, the astrocytes begin to undergo various proliferative 
changes. The normal resting astrocyte possesses an irregularly oval, 
pale staining nucleus which contains a few scattered chromatin 
granules. The cell body is large and radiating from it are numerous 
branching processes of variable length and thickness. These cells 
proliferate only in the final stages of the tissue destruction. The 
neurogh'al proliferation is accompanied by a swelling both of the 
nucleus and of the cell body. The cytoplasm becomes finely granu- 
lar and the nucleus becomes larger and more irregular, often poly- 
morphous. Accompan3dng this hypertrophy there is an increase in 
siae and number of the cell fibers, producing a zone of fairly intense 
gliosis. The astrocytes in the immediate vicinity of the larger hemor- 
rhages undergo degenerative changes due to pressure of the hemor- 
rhagic extravasations. They swell, the cytoplasm becomes coarsely 
granular and the processes become fragmented and scattered. Their 
nuclei become smaller and pyknotic. In many of these cells both the 
nucleus and the processes disappear, leaving only a granular de- 
generating cell body. The large degenerating astrocytes are scat- 
tered among the numerous fat granule cells that have invaded the 
dead tissue. Occasionally a cell of this type contains a few fine fat 
droplets, but they are never observed engorged with fat as are the 
scavenger cells. Apparently normal astrocytes within an area of 
degeneration never contain fat droplets. The fact that these ceUs 
contain such small amounts of fat, in spite of their presence in the 
center of the necrotic demyelinated area, speaks against their 
phagocytic ability. 

Ner<)e Cell Changes: Consistent specific changes in the ganglion 
cells have not been observed in our cases of hemorrhage encephalitis. 
This favors the view that alterations in these cells are due to the 
destructive action of the large hemorrhages which occasionally rup- 
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ture into the cortex. Scattered through these regions in which the 
hemorrhage has involved the gray substance are found isolated 
ganglion cells showing various degrees of degeneration — fragmenta- 
tion of their processes, shrinkage of the cell body and eccentricity or 
complete absence of the nucleus. Other cells are large and swollen 
with a granular vacuolated cytoplasm and a complete absence of the 
cell processes. All stages in the degeneration of the nerve cells can be 
observed from slight swelling to complete homogeneity, disintegra- 
tion and dissolution. With the Nissl stain these cells show partial to 
complete chromatolysis. There is no neuronophagy. The injured 
ganglion cells are not replaced by glial cells. The nerve cell changes 
do not occur simultaneously over large areas of cortical substance, 
but are found in only a few ganglion cells here and there within the 
dead brain tissue surrounding the larger hemorrhages. 

A search for specific inclusions in an attempt to relate this condi- 
tion to the virus diseases has been fruitless to date. 

Occasionally a blood vessel is observed with slight perivascular 
infiltration of mononuclears. A few widely scattered polymorphonu- 
clear leukocytes are occasionally observed in the area of degenera- 
tion. One of the brains contained a slight increase in polymorphonu- 
clears, but the lesions were predominantly hemorrhagic and necrotic. 

No attempt will be made to describe the microscopic findings in 
the nervous system of each individual case. However, the essential 
pathological features of each case in which sufi&cient material was 
available for study are summarized in Table III. 

The internal organs show no characteristic findings. The lack of 
pulmonary involvement is quite striking, particularly in view of the 
fact that some of the patients complained of upper respiratory symp- 
toms sometime before the onset of iUness. When limg complications 
are present they are mostly terminal in nature. The other internal 
organs similarly show no pathological features. 

Pathological Difeekential Diagnosis 

The pathological picture just described is, in itself, hardly diag- 
nostic of hemorrhagic encephalitis since a similar one may occur in 
numerous other conditions. This is not surprising, since it is recog- 
nized that the central nervous system may react in a similar manner 
to a large variety of irritants. It is, therefore, essential to obtain a 
detailed history and physical examination and to perform a careful 
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autopsy in order to elucidate the etiological factors responsible for 
the hemorrhagic picture. Cerebral hemorrhages have been reported 
in such diverse conditions as: the encephalitides following measles, 
scarlet fever, dysentery, typhus; poisoning %vith arsenic, methyl 
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chloride, phosphorus and alcohol; trauma to the head without skull 
fracture; fat embolism after fracture of bones; and hemorrhagic or 
venous infarction of the brain. We have had the opportunity to 
study the cerebral lesions in many of these conditions, and a discus- 
sion of the findings in these, in order to facilitate a comparison be- 
tween them and hemorrhagic encephalitis, seems warranted. 
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Arsenic Poisoning 

The cerebral lesions of arsenic encephalitis are often hemorrhagic. 
It is for this reason that it has been called “hemorrhagic encephali- 
tis” or “purpura hemorrhagica” by investigators such as Pritzi, 
Pines and Prigonikow, Ahnkvist, and Scott and Moore. The cere- 
bral hemorrhages are so common in individuals dying of arsenic 
poisoning that some investigators have been led to believe that aU 
sudden unexplained deaths in which hemorrhages are found in the 
brain are due to poisoning with this substance. This contention 
seems to gain strength from the observation that a faintly positive 
Reinsch, Marsh, or Gutzeit test for arsenic is obtained from the 
brain tissue of an occasional one of these cases. However, arsenic is 
so commonly used in industry and is so widely distributed in nature, 
that it is not surprising that small quantities should constantly enter 
the human body. The amount of arsenic normally present in adults 
would naturally vary greatly, depending upon the character of the 
individual’s food, drink, medication or environment. As Myers has 
shown, this more or less normal ingestion of small amounts of ar- 
senic renders a positive chemical test alone, as a criterion for arseni- 
cal death, inconclusive. 

Since the introduction of arsenicals in the treatment of syphilis, 
cerebral accidents known to be caused by arsenic have increased. In 
1933 Globus and Ginsburg reviewed the hterature on this subject. 
They found 74 cases with complete autopsy findings, although 
numerous incomplete cases have been reported (Almkvist, Hahn, 
Nonne, Pritzi, Mingazzini). A review of i case in our service will 
help clarify the clinical picture and the pathological features of this 
condition. 

Case 1 . A. H. , a 2 1 year old white female, was admitted to the hospital uncon- 
scious. She had recently been exposed to S3^hilis and ii days before admission 
she had received 0.6 gm. of neosalvarsan intravenously, followed 6 days later by 
a smular injection. Two days after this second treatment she suddenly devel- 
oped a severe headache, lost her appetite and became lethargic. The following 
day she was more listless and developed generalized convulsions. The family 
physician who was called obtained an incomplete history. Finding a marked 
rigidity of the neck he made a tentative diagnosis of meningitis and ordered the 
patient to the hospital. Upon admission to the hospital she was comatose, her 
neck was rigid and her blood pressure 130/80. The chest and abdomen appeared 
normal. Reflexes were normal, but the neurological examination was otherwise 
unsatisfactory because of the patient’s condition. A confluent macular eruption 
covered her arms and shoulders. 
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Laboratory Examination: The urine was normal. The white blood count was 
13,000 with 08 per cent polymorphonuclears and 31 per cent lymphocytes. The 
blood sugar was 0.14 per cent, urea nitrogen 30.1 mg. per 100 cc. of blood, crea- 
linin 2 mg. per 100 cc. of blood, and the icterus index was 13. The spinal fluid 
was normal in appearance and under normal pressure. 

The patient's temperature was 102° F. on admission. It rose rapidly to 
106° F., w'here it remained until the time of death, which occurred on the second 
day of the hospital staj'. 

Aniepsy: External examination of the body revealed mottling of 
the lateral surface of the right shoulder, the right arm and the left 
hip, with very tiny, closely-set petechial hemorrhages. Nothing else 
of note was observed externally. The pleural and pericardial mem- 
branes were normal. The heart showed a few, scattered, subepicardial 
petecliiae but was otherwise negative. The lungs were somewhat 
heavier than normal and showed marked posterior hypostasis and a 
slight terminal pneumonia. A few tiny hemorrhages were scattered 
through the bladder wall. The remaining organs, mth the exception 
of the brain, appeared normal. 

The scalp, calvarium and meninges were all normal. Coronal sec- 
tions through the brain revealed numerous small hemorrhages. 
Bilaterally in the white substance at the lateral inferior margin of the 
putamen there were softened areas measuring 2.5 by 1.5 cm., sur- 
rounded by numerous hemorrhages. In the anterior medial portions 
of both temporal lobes in the region of the uncus and amygdaloid 
nuclei, there were other slightly softened areas surrounded by 
densely packed petechiae. Many hemorrhages were seen on the in- 
ferior surface of the corpus callosum, on the superior and lateral 
walls of the lateral ventricles, and in the posterior portions of the 
brain. 

Microscopic Examination: The most characteristic feature is the 
presence of numerous hemorrhages scattered throughout the white 
substance (Fig. 13). Extravasations are chiefly aroimd the capil- 
laries and precapillaries and, therefore, are mostly of the ring type. 
They vary in size, extending occasionally only into the perivascular 
spaces, but more often involving the surroimding tissue. A few 
lymphocytes and polymorphonuclears are foimd within the hemor- 
rhages. In places the extravasations are so numerous and diffuse 
that they fuse to form massive hemorrhages. Numerous small 
hemorrhages are also observed in the cerebral cortex. Many of the 
vessels are injured, showing endothelial swelling as well as hyalini- 
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zation of the vessel walls. Numerous vessel walls are infiltrated 
with polymorphonuclear leukocytes and lymphocytes. The vessel 
changes occur with or without perivascular hemorrhage. There are 
frequently found in the vessels hyaUne or cellular thrombi that com- 
pletely fill their lumens (Fig. 13). There is no destruction of brain 
tissue, either about the non-hemorrhagic injured vessels or at the 
periphery of the hemorrhages. No reaction is observed on the part 
of the neuroglia or of the microglia. The large nerve cells are intact. 
The characteristic findings of S3q)hilis, namely perivascular and dif- 
fuse lymphocytic infiltration, as well as endarteritis, are altogether 
lacking. 

Comment: The findings in this case correspond with those re- 
ported in the literature. Thrombosis of vessels appears to be a 
very common occurrence (Pritzi, Wechsehnann, Scott and Moore, 
von Marschalko, and others). The question of the locah'zation of 
the hemorrhages in the white substance of the brain is somewhat 
unsettled. In our case, extravasations were also observed in the 
cerebral cortex. This is in agreement with the observations of 
Ahnkvist and Post, although other investigators have been able to 
detect them only in the white substance. Nonne and Mingazzini 
have reported hemorrhagic lesions involving both the gray and 
white matter of the cord. 

How does this pathological picture compare with that of hemor- 
rhagic encephalitis? Although the hemorrhages may be very similar, 
there are some pathological features that facilitate their differentia- 
tion. The presence of hemorrhages in the cord and cerebral cortex, 
of lymphocytic and polymorphonuclear infiltrations, of numerous 
thrombosed vessels, and of petechiae in other organs are all foreign 
to true hemorrhagic encephalitis and should make one suspect some 
other condition. However, the microscopic variations are usually 
insufficient to warrant the differentiation, and one must rely upon 
the history, together with supplementary chemical tests, for the 
diagnosis of arsphenamine poisoning. 

In none of our 20 cases of hemorrhagic encephahtis was the history 
in the least suggestive of arsenic poisoning. However, because of the 
resemblance of the cerebral lesions to those in arsenic poisoning, and 
also because some individuals have claimed that this chemical is the 
causative agent in cases similar to ours, we tested three brains from 
our series of true hemorrhagic encephalitis, together with four nor- 
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mal controls, for the presence of arsenic. One hundred gm. of tissue 
from each brain was used and tested by the Marsh method. One 
brain of true hemorrhagic encephalitis showed a faint trace of ar- 
senic, wliile the rest were all negative. Of the controls, three showed 
similar traces of the arsenic. All the chemicals used in the test, as 
well as the formalin, proved negative for arsenic. This, we believe, is 
adequate proof that the etiological factor in our cases is not arsenic. 

Several other substances, such as methyl chloride, phosphorus and 
alcohol have been reported as producing cerebral hemorrhages, but 
our personal experience has not included such cases. These are not 
disturbing clinically, however, since a careful histor}^ usually permits 
a correct diagnosis. 


Methyl Chloride Poisoning 

Methyl chloride poisoning was first described by Gerbis in 1914. 
Since then 72 cases -with ii deaths have been reported. In man, 
cerebral hemorrhages are very uncommon, although they are quite 
characteristic of the lesions produced in the brains of guinea pigs ex- 
posed experimentally to the gas. 

Phosphorus Poisoning 

Spielmeyer was one of the first to describe cerebral hemorrhages 
as a result of phosphorus poisoning. Such cases are infrequent. The 
chemical usually does not produce cerebral symptoms. Wertham, 
in reviewing the literature on this subject, has pointed out that by 
far the most frequent cerebral lesion is a destruction of the nerve 
cells. Vascular injury with bleeding is rare. 


Alcohol Poisoning 

Cerebral hemorrhages are occasionally found in patients dying of 
alcoholism, an observation first made by Wernicke. His original 
paper cited 3 cases, only i of which followed alcoholism. Since this 
publication Wernicke’s work has been confirmed by Bender and 
Sclulder, Marchiafava and Kant. It appears that these hemorrhages 
are by no means constant. When they do occur there is a tendency 
for them to localize in the cortex. 
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Infectious Encephalitis 

Cerebral S3rmptoms following severe infections are frequent. Since 
most of the cases recover, only a few rather incomplete autopsy re- 
ports are available for study (Mouriquand, Bernheim and Bouco- 
mont, Eiwin and Wurman, Parnell and Dudley). Schmidt, as early 
as 1905, reported a series of cases of cerebral hemorrhages in septic 
diphtheria and pneumonia, while Grinker and Stone pubhshed 5 
cases in which cerebral s3rniptoms were apparently due to some toxin 
in the nasopharynx. These workers believed that any severe upper 
respiratory infection might be responsible for such cerebral involve- 
ment. Numerous isolated reports of cerebral hemorrhage have been 
recorded following specific infectious diseases such as measles, dysen- 
tery, t5q)hus and scarlet fever (Musser and Hauser, Buttenwieser, 
Herzog). These cerebral hemorrhagic manifestations following in- 
fections are uncommon and almost always the history, together with 
other postmortem findings, is sufficient to point to the correct diag- 
nosis. Two cases of postinfectious cerebral hemorrhage have come 
under our observation, one following scarlet fever and the other 
pneumonia. A clinical and pathological description of these cases 
is given to enable one to contrast them with our cases of true 
hemorrhagic encephalitis. 

Case i. A white male, aged 39 years, was admitted to the hospital in a very 
critical condition. He had been ill for several days. At the time of admission a 
complete pneumonic involvement of both lungs was found. The patient died a 
few days later in a septic state. 

Autopsy: The lungs were heavy and almost completely consoli- 
dated. The other internal organs were essentially normal, with the 
exception of slight cloudy swelhng of the liver and kidneys. The ex- 
ternal examination of the brain was negative. Coronal sections re- 
vealed numerous discrete petechiae scattered throughout the entire 
white substance (Fig. 15). There was no tendency to localize in any 
particular region. The cortex contained but few extravasations. 
No tissue necrosis was apparent. The ventricles were clear. 

Microscopic Examination: There is marked distention of the cere- 
bral arteries. Numerous tiny vessels are dilated and filled with 
blood. Many ring hemorrhages are scattered through the white sub- 
stance. These are uniform in size and shape. Accumulations of 
erythrocytes about the larger vessels, as well as diffuse hemorrhages 
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independent of vessels, are uncommon. Very little change is de- 
tected in the vessel walls, although an occasional vessel is throm- 
bosed. No tissue injury is observed nor is there any cellular reaction 
visible. The nerve cells are somewhat shrunken but their processes 
are still intact. This case, because of its clinical features and because 
of the pathological findings in the lungs, offers but little difficulty in 
the way of diagnosis. 

Case 2. A white female, aged 32 years, was suddenly taken ill with a sore 
throat, fever, chills and restlessness. The following day she developed a general- 
ized bright red rash whicli a private physician diagnosed as scarlet fever. Dur- 
ing the next few days she became slightly irrational, restless, noisy and uncon- 
trollable. She was, therefore, sent to the hospital. Past infectious diseases in- 
cluded mea.sles, mumps and whooping cough. 

On physical examination, the patient v/as found to have a temperature of 
105.8° F. and a pulse of 132. The blood pressure was not recorded. She was very 
restless and irrational, and mumbled indistinctly. Her face was flushed, the skin 
was hot and dry, and there was a generalized erythema of the skin over the trunk 
and extremities, on which was superimposed a fine, discrete, pin-point eruption 
about the hair follicles. The pupils were equal and reacted to fight. The mouth 
showed an erythematous mucous membrane; the soft palate and uvula were 
swollen and red. The remainder of the physical examination was negative. 

On admission the patient's temperature was so high and the delirium so 
marked that it was deemed advisable to give her scarlet fever antitoxin. The 
folloOTng day the rash had almost entirely faded. However, she developed gen- 
eralized rhonchi throughout both lungs, and soon became cyanotic. Respirations 
became irregular and she died on the following day. 

The blood count showed 83 per cent hemoglobin, 4,610,000 erythrocytes, 
16,700 leukocytes, w'ith a differential count of 90 per cent polymorphonuclears 
and 10 per cent mononuclears. 

Autopsy: The external examination revealed no rash but there was 
a shght, fine desquamation about the cheeks. Aside from the lungs, 
the internal organs showed nothing of note. The lungs were heavy 
and almost completely consolidated. On section they were found to 
be dark red in color and full of pus. 

External examination of the head showed the scalp and calvarium 
to be normal. Coronal sections of the brain reveded definite pete- 
chial hemorrhages scattered throughout the posterior portion of the 
corpus callosum on each side. These hemorrhages were almost i 
mm. in diameter. A few similar petechiae were found scattered 
throughout the white substance of the brain, particularly in the left 
occipital lobe. The middle ears and mastoids were normal. 

Microscopic Examination: Sections of the brain reveal numerous 
small areas of hemorrhage, all of which show marked hemolysis. No 
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definite red cell outlines are visible in any of these hemorrhagic 
areas. The relation of these petechiae to the small vessels cannot be 
determined because of the hemolysis in the areas. The cerebral cor- 
tex and the meninges are normal. 

Comment: Cerebral hemorrhages following scarlet fever have 
been reported by various investigators. Southard and Sims in 1904 
studied a case both clinically and pathologically. Their patient, who 
was 5 years old, developed cerebral symptoms 7 weeks after the onset 
of the acute exanthem. At autopsy a large number of hemorrhagic 
areas which extended down through the cortex into the white sub- 
stance of both parietal lobes were found. Microscopically numerous 
large petechiae were visible in the gray substance of the parietal lobes. 
Surrounding these hemorrhages there were numerous phagocytes 
which were invading the hemorrhagic areas and taking up the poly- 
morphonudears, red blood cells and fat. The nerve cells showed 
various degenerative changes. Signs of frank suppuration were also 
found in these necrotic areas. Toomey, Dembo and McConnell in 
1923 described a similar case. In their case, however, the brain ap- 
peared normal externally, although both ventricles were filled with 
blood. On section there were numerous hemorrhages into the basal 
nuclei. Microscopically many of the blood vessels were thrombosed 
and there was a destruction of the vessel wall resulting in the peri- 
vascular extravasations. 

Purpura Hemorrhagica 

A primary or secondary purpura may produce cerebral hemor- 
rhages of sufficient severity to cause death. These purpuras almost 
always show, aside from the cerebral lesions, signs of bleeding else- 
where in the body. Such widely distributed hemorrhages, together 
with the other findings of purpura, should enable one to arrive at the 
correct diagnosis of the underl3dng condition. Intracranial hemor- 
rhages in purpura have been reported by Duplay, Jousset, Duplaix, 
and Alpers and Duane. All of their cases presented other character- 
istic clinical features of purpura, aside from the terminal cerebral 
bleeding. Recently we have had occasion to study one such case. 

Case i. The patient, aged 36 years, had been treated for renal calculi, pye- 
lonephritis and cystitis. He had had multiple stones removed from the left 
ureter and from the bladder. A few days before admission to the hospital he was 
suddenly seized with pain over the left kidney. This pain radiated down the left 
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side to the scrotum. It v/as accompanied by chills, fever and a little urgency and 
burning on urination. On admission to the hospital examination revealed a 
blood pressure of 90/60 and a temperature of 99° F. A cystoscopic examination 
showed a slight cystitis with no return of indigocarmine from either ureter in 15 
minutes. The urine contained much pus, erythrocytes and epithelial cells. 
Roentgen-ray studies revealed a right pyelonephritis and a left ureteral calculus. 

Shortly after admission the patient developed severe epistaxis, for which he 
was given hemostatic scrum. Nevertheless, he not only continued to bleed from 
the nose but began to bleed also from the mouth, bladder, rectum and finally 
into the subcutaneous tissues. A spinal tap at this time revealed a blood-tinged 
fluid. The patient’s respirations gradually became irregular. Shortly before his 
death the hemorrhage from the mucous surfaces became very profuse. 

Laboratory studies showed a red blood count of 3,560,000, hemoglobin 70 per 
cent, non-protein nitrogen 163 mg. per 100 cc. of blood, creatinin 3.2 mg, per 100 
cc. of blood, coagulation time of 7 minutes, bleeding time 12 minutes, and plate- 
let count 184,000. His temperature varied from 99° to 100.2° F, 

Autopsy: The body was covered with numerous petechiae situ- 
ated beneath the skin and varying in diameter from i mm. to i cm. 
There were small ecchymotic areas in the sclerae of both eyes. Pete- 
chial and ecchymotic areas were also observed over the serous sur- 
face of the heart and in the kidneys, liver and bladder. Aside from 
these hemorrhages there was a bilateral pyelonephritis, with renal 
calculi filling the entire pelvis of the left kidney. 

The surface of the brain was covered with a thin film of blood. 
There was a clot measuring 2.5 cm. in diameter in the anterior fossa 
under the right frontal lobe. A softened area was observed in the 
right frontal lobe anterior to the lenticular nucleus. Scattered 
through this region were numerous old and new hemorrhages. 
There was an extensive hemorrhage 6 by 4 by 4 cm. in the left occipi- 
tal lobe. This lesion extended into the lateral ventricle medially, and 
to the external surface of the brain laterally. There was extensive 
destruction of brain tissue throughout this massive hemorrhage. In 
the dentate nucleus of the right cerebellum there was a hemorrhage 
measuring 2.5 by 2.3 by 2 cm. 

Microscopic Examinatio 7 t: This reveals extensive hemorrhages 
and destruction of the cerebral tissue (Fig. 14), Massive diffuse 
extravasations of red cells have infiltrated the cerebral tissue, caus- 
ing much destruction both in the white and gray substance (Fig. 14) • 
These hemorrhages do not involve the entire brain but are localized 
in the various regions listed, causing much local damage. They ap- 
pear to be fresh and there is no reaction on the part of the supporting 
elements of the brain. No fat granule cells or rod cells can be fotmd 
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in the damaged areas. Throughout the tissue not involved in this 
massive bleeding there are occasional small, discrete, perivascular 
hemorrhages. These vary in size from just a few erythrocytes to a 
fairly large extravasation that not only fills the perivascular space 
but also extends into the surrounding tissue. The red cells in these 
areas of hemorrhage are very peculiar in appearance, most of them 
being fragmented and elongated. No alterations of any kind can be 
detected in the vessel walls. No thrombi are observed in the vessels. 
The nerve cells appear uninjured. 

Traumatic Encephalitis 

The marked increase in automobile accidents has elevated the 
problem of trauma to the head to one of major importance. Among 
these traumatic lesions there are many that are diagnosed cerebral 
concussion or contusion in which no fracture of the skull has oc- 
curred, and from which the patient may die or from which he may 
recover with residual complaints of an indefinite nature. Many 
investigators have studied these brains and have observed definite 
organic lesions in many of them (Bennett and Hunt, Osnato and 
Giliberti, Cassasa, Jefferson, Trotter, Head). Osnato and Giliberti 
in a careful examination of a series of cases which terminated fatally 
found numerous diffuse hemorrhages scattered throughout the brain 
tissue. There was no reaction on the part of the cellular elements. 
They suggested the term “traumatic encephah’tis” for these lesions. 
Similar changes have been reported by Cassasa. 

We have had the opportunity to study such a case of cerebral 
trauma following an accident, in which no skull fracture had 
occurred and in which the gross sections of the brain showed a 
resemblance to the true hemorrhagic encephalitis (Fig. i6). 

^ Case i. A male, aged 45 years, was injured in an automobile accident and 
died after 4 days of unconsciousness. At autopsy numerous abrasions were ob- 
served over the face and scalp. There were fractures of numerous ribs on both 
sides but no skull fracture. A slight amount of terminal pneumonia was present 
bUaterall}'-, although most of the lung tissue was fairly normal. The other inter- 
nal organs appeared normal. 

On removal of the brain a considerable amount of subdural 
hemorrhage was found in the right posterior fossa. Careful section- 
ing of the brain revealed numerous discrete hemorrhages scattered 
through the entire brain substance but more prominent in the white 
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matter (Fig. i6). Close scrutiny of the sections showed small trau- 
matized areas distributed through the brain. These contained soft- 
ened hemorrhagic brain tissue and were constantly situated near the 
surface. These lesions were suggestive of a traumatic origin. 

Microscopically, numerous perivascular hemorrhages of both the 
ring and the solid type are seen tliroughout the brain tissue. These 
hemorrhages are most numerous in the white substance, although 
many are also observed in the cortex. The cortical hemorrhages 
are often of a diffuse nature, extending to the surface of the brain. 
There is no tissue injury about the perivascular hemorrhages and 
no reaction on the part of the cerebral elements. In the traumatized 
regions there is extensive tissue destruction together with some 
hemorrhage, the former constituting the most prominent part of 
the picture. The injury involves not only the entire cortical sub- 
stance but often extends into the subcortical regions. 

It seems from the above protocol that in some cases of cerebral 
concussion or contusion, the pathological findings resemble some- 
what those of hemorrhagic encephalitis, but the history of a pre- 
existing head injury, the external signs of severe bruising of the body, 
and a careful examination of the brain for traumatized areas usually 
permits a correct diagnosis. 

Fat Embolism 

Fat embolism of the brain may follow fracture of various long 
bones. It produces cerebral petechiae which grossly might be con- 
fused with hemorrhagic encephalitis. A fat stain, however, readily 
demonstrates the tiny fat emboli filling the vessels about which the 
hemorrhage has occurred. 

Hemorrhagic or Venoiis Infarct 

Although hemorrhagic or venous infarcts are comparatively rare, 
they should be mentioned briefly in this discussion, since upon cur- 
sory examination they might be confused with those cases of true 
hemorrhagic encephalitis in which extensive extravasations have 
occurred. Venous infarction was described as early as 1913 by Oeller, 
who called the condition “hemorrhagic encephalitis.” He considered 
it an inflammatory thrombosis of the smaller or larger veins of the 
brain with resulting rupture of the capillaries because of increased 
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arterial pressure. Recently we have had occasion to study such a 
case in a 27 year old female who was admitted to the hospital because 
of a pelvic inflammatory condition. After a short stay, she suddenly 
developed hemiplegia of the left side of the body. She gradually 
lapsed into coma and died. At autopsy a small circumscribed ab- 
scess containing dark brown necrotic material was found near the 
hilum of the right lung. A small fresh infarct was present in the up- 
per pole of the spleen. The left tube and ovary were fused to form a 
large mass, which on section contained a small amount of dark, thin, 
purulent material. Gross examination of the scalp and calvarium 
was negative. On removing the dura a large thrombosed vein was 
seen extending along the left hemisphere from the Sylvian fissure, 
posteriorly and downward to the occipital pole of the brain. The 
brain tissue immediately beneath this vessel was hemorrhagic and 
necrotic. Coronal sections of the brain revealed numerous softened 
hemorrhagic areas involving the entire cortex and subcortical tissue 
along the course of this large thrombosed vein. There were no 
hemorrhages found elsewhere. Microscopic examination shows nu- 
merous thrombosed pial veins with many petechial hemorrhages in 
their immediate neighborhood; inflammatory changes are already 
evident within many of these degenerating regions. 

The presence of thrombosed veins and the absence of hemorrhages 
and necrosis, except about these injured veins, is sufficient to dis- 
tinguish this condition from true hemorrhagic encephalitis. 

Etiology oe Encephalitis 

The etiology of many types of encephalitis is still undetermined in 
spite of the extensive experimental work that has been done. The 
scope of the present paper does not warrant a complete discussion of 
the very numerous and widely scattered reports on the etiology of 
encephalitis. It can be stated at the outset, however, that with few 
exceptions no conclusive evidence has been presented to show that 
encephalitis in man is due to a virus infection, a cffitivatable bac- 
teriimi, or a toxicosis, although these are the three prevailing views. 
Most investigators, at the present time, tend to favor a virus infec- 
tion as the etiological factor in many types of human encephalitis, 
although there has developed a marked difference of opinion as to 
how this agent really acts. The main trends of thought are in two 
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directions. One group of investigators believes that the cerebral in- 
volvement in encephalitis is due to a specific, neurotropic, invisible, 
but as yet undiscovered virus infection (Stern, von Economo, Mc- 
Kinley, and Flexner in epidemic encephalitis; Bijl and Frenkel, 
Gildemcister, Turnbull and McIntosh, Flexner, and Scott in post- 
vaccination encephalitis; Pette and Wohlwill in measles encephalitis; 
Gordon in mumps encephalitis). The other school maintains that 
some environmental factor or infectious disease breaks down the 
natural resistance of the individual and thus predisposes him to an 
infection by some non-specific and often detectable virus. Levaditi, 
Doerr and Schnabel, Berger, Doerr and Zdansky, Gay and Holden 
advocate a herpes virus in epidemic encephalitis; Loewe and Strauss, 
immobile “globuli” in epidemic encephalitis; Gay and Holden, a 
herpes virus in measles encephalitis; Strumpell, the pohomyelitis 
virus in epidemic encephalitis. 

During the course of this study fresh brain tissue was obtained 
from a case of hemorrhagic encephalitis (Case 20). In cooperation 
with Dr. C. Buggs from the department of bacteriology, a virus was 
isolated from this tissue and was carried through twelve serial 
transmissions in rabbits by means of intracerebral inoculation. 
The infectious brain tissue does not affect mice or guinea pigs. 

The micropathological alterations observed in the rabbit brains 
resemble in many details those changes found in the human cases of 
hemorrhagic encephalitis. So far a detailed examination for inclu- 
sions has not been instituted. 

A detailed description of the experimental studies in rabbits will 
be given in a separate publication. 

Twenty cases of hemorrhagic encephalitis have been studied at 
postmortem. A brief report of each of these follows. 

Case Reports 

Case i. Male, aged 33 years, apparently well until 10 a.m. on the day of his 
death when he was found imconsdous at w^ork. He was taken to the hospital 
where he had repeated attacks of generalized convulsions. He died 5 hours after 
the onset of the illness without regaining consdousness. 

Autopsy: Negative with the exception of the brain. The left 
lateral ventricle contained a slight amount of blood. Niunerous 
petechial hemorrhages could be seen in the region of this ventricle 
and in the pons. A few larger diffuse hemorrhages were also present. 
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Microscopic Examination: Petechiae are found only in those areas 
in which hemorrhages are visible on gross examination. These 
hemorrhages are mainly perivascular. Around some of the larger 
hemorrhages there is a slight amount of tissue destruction but no fat 
granule ceUs are seen. An occasional small vessel in the pons is sur- 
roimded by a few mononuclear cells. 

Case 2. Female, aged 25 years, found unconscious and taken to the hospital. 
She showed no evidence of paralysis, although she was quite spastic and had 
attacks of epileptiform convulsions. Death occurred shortly after admission to 
the hospital. 

Autopsy: Negative with the exception of the brain. Small hemor- 
rhages were visible throughout the brain tissue. Numerous small 
hemorrhages were scattered through the white substance of the brain 
and a few were localized in the basal nuclei. 

Microscopic Examination: These hemorrhages are both perivas- 
cular and disseminated. No cellular infiltration is visible. 

Case 3. Male, aged 41 years, was found unconscious at work and died about 
4 hours later. He had been working regularly up to the onset of his attack. The 
spinal fluid was bloody. 

Autopsy: Negative except for the brain. The entire under-surface 
of the brain was covered by a fine film of blood. Careful examina- 
tion of the surface of the brain revealed no contusions or ruptured 
vessels. On sections of the brain numerous petechiae were found in 
the pons and medulla and aroimd the ventricles. 

Microscopic Examination: The hemorrhages are small and local- 
ized around the blood vessels. In sections through the pons particu- 
larly, almost every small vessel is surroimded by a wide zone of red 
cells. No cellular infiltration is observed within the brain tissue. 

Case 4. Female, aged 36 years, was found one morning dead in bed. She had 
been in apparent good health. 

Autopsy: Negative except for the brain, sections of which re- 
vealed many small hemorrhages scattered throughout the white 
matter of the cerebral hemispheres. 

Microscopic Examination: The hemorrhages are mostly perivas- 
cular. No cellular infiltration is visible. 

Case 5. Male, aged 40 years, died suddenly while sitting in a barber’s chair. 
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Autopsy: Negative except for the brain. (Careful examination of 
the coronaries revealed no lesions.) Grossly the scalp, skull, me- 
ninges and brain showed no conspicuous lesions. 

Microscopic Examination: Multiple small hemorrhages are scat- 
tered diffusely through the cerebral hemispheres. Occasionally the 
hemorrhages arc arranged perivascularly. No marked cellular in- 
filtrations are \asible. 

Case 6. Female, aged 14 months, had always been in good health. She v/as 
playing in the house when she was suddenly scued with generalized convulsions 
occurring at approximately 3 minute intervals. She was taken to the hospital 
where she died 3 hours after the onset of the illness. 

Aidopsy: Negative, except for the brain which was congested 
and on section revealed numerous pin-point hemorrhages scattered 
chiefly throughout the occipital lobes, the temporal lobes and the 
basal nuclei. 

Microscopic Examination: These hemorrhages are both diffuse 
and perivascular in distribution. No cellular infiltration is apparent. 
•The spinal cord is negative both grossly and microscopically. 

Case 7. I\Iale, aged 25 years, developed a cold about i month before his pres- 
ent illness from which he apparently had recovered. He was well until 5 days 
before his death when he suddenly developed nausea, vomiting and dizziness. 
These symptoms persisted, and 2 days later he became irrational and stuporous. 
This stupor deepened into a coma which lasted until his death. The blood and 
spinal fluid Wassermann were negative. 

Autopsy: Aside from the presence of a horseshoe kidney, the find- 
ings were negative with the exception of the brain. The external 
surface of the brain was normal, but on section numerous small pin- 
point hemorrhages were detected throughout the white matter of the 
cerebral hemispheres. 

Microscopic Examination: The small hemorrhages are mostly 
perivascular, consisting of rather dense collars of blood cells sur- 
rounding the smaller vessels and extending into the surrounding 
brain tissue. The vessels are also filled with erythrocytes. No cellu- 
lar infiltration is visible, Cultiu*es of the brain and of the heart 
muscle are negative. 

Case 8. Male, aged 44 years. Ulness started 2 weeks before death with a 
severe headache and general malaise. The headaches increased in severity and 
he gradually became listless, irrational, and finally stuporous. He perspired pro- 
fusely. A physical examination was performed shortly before the onset of stupor. 
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His face was flushed and the facial expression was dull. He responded slowly 
when spoken to, giving fairly intelligent replies; however, frequently during the 
examination, he dropped into a semicomatose condition from which he could 
easily be aroused. The pupils were irregular, the right one did not react to light, 
while the left one reacted but slightly. There was a coarse tremor of the tongue 
and the neck was slightly rigid. His reflexes varied, being normal on one day and 
hyperactive on the next. The Babinski sign also varied from day to day. The 
red blood count was 5,136,000; white blood count 9500; pol5Tnorphonuclears 83 
per cent, lymphocytes 17 per cent. The blood and spinal fluid Wassermann 
reactions were negative. The spinal fluid was under increased pressure, and 
showed 10 cells per cmm. 

His condition gradually grew worse. The temperature rose from loi to 
106° F., the coma deepened and he died 2 weeks after the onset of the illness. 

Autopsy: Negative except for the brain. Grossly there was a 
reddish tinge to the brain tissue in the regions of the frontal lobe, the 
temporal lobe and the basal nudei. No hemorrhages were visible. 

Microscopic Examination: All the vessels of the brain are mark- 
edly distended with blood. Surrounding the vessels, chiefly in the 
frontal and temporal lobes, are numerous perivascular hemorrhages. 
Occasionally areas of hemorrhage apart from vessels are seen. These 
are most numerous in the frontal and temporal lobes. No cellular 
infiltration is visible. 

Case 9. Male, aged 18 years, always well and active. He suddenly began to 
complain of occipital headaches and dizziness. Shortly afterwards he developed 
a marked weakness of the left forearm and hand and of the right leg. There was 
twitching of the’ involved muscles. The patient became very restless. His re- 
flexes remained normal. The temperature gradually rose, and he died 2 days 
after the onset of iUness. 

Autopsy: Negative except for the brain which contained numer- 
ous small hemorrhagic areas. 

Microscopic Examination: Many small perivascular and diffuse 
hemorrhages are found throughout the white matter. Small areas of 
degeneration are visible in the white matter, especially about the 
periphery of the hemorrhages, but only slight cellular reaction has as 
yet occurred. Occasional vessels are surrounded by mononuclear 
cells. 

Case 10. Male, aged 35 years. The first indication of illness was a marked 
personality change followed shortly by weakness and drowsiness. He became ir- 
rational, his muscles became spastic, and he developed generalized convulsions. 
The red blood cell count was 4,150,000, hemoglobin 80 per cent, the white blood 
count 8000. The urine was negative. A spinal tap showed a clear fluid under in- 
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creased pressure. There were 35 cells per cmm. The Wassermann tests were 
negative. The temperature rose rapidly and he died 4 days after the onset of 
illness. 


Autopsy: Negative except for the brain. On section the brain 
showed many small hemorrhages in the white matter. 

Microscopic Examination: The hemorrhages are both perivascu- 
lar and diffuse. Some of the larger ones are surrounded by damaged 
brain tissue. Numerous scavenger cells have already invaded these 
demyelinated regions. A few of the vessels are surrounded by cuffs 
of mononuclears. 

Case ii. Male, aged 14 years. Illness started suddenly with headache and 
vomiting. A few hours after the onset of this illness there occurred generalkcd 
convulsions and the patient lapsed into unconsdousness. His temperature at 
this lime was normal. On the following day it had risen to 101° F. and the con- 
vulsions persisted. There was never any neck rigidity, the Kemig sign remained 
negative, A spinal tap showed a slightly bloody fluid. The temperature gradu- 
ally rose to 106,5° F* and the patient died 3 days after the onset of illness. 


Autopsy: Negative except for the brain. The vessels over the sur- 
face of the brain were distended. There was a small amount of free 
blood in the subarachnoid space around the base of the brain. Sec- 
tions of the brain revealed numerous pin-point hemorrhages scat- 
tered throughout the white and gray substance. Many of the bleed- 
ing points were near the surface. 

Microscopic Examination: The small hemorrhages are mostly 
perivascular. There is an occasional petechia in the cortex. The 
basal nuclei are moderately involved. Some of the vessels are sur- 
rounded by a few mononuclear cells. Many of the large nerve cells 
of the cerebral cortex and of the basal ganglia show chromatolysis 
and pyknosis of their nuclei. 

Case 12. Female, aged 36 years. Illness first started with the complaint of 
headache. When her husband returned from work that evening, he found her un- 
conscious but not paralyzed. She was immediately removed to the hospital. 

The physical examination revealed very few findings. The pupils were equal. 
The right upper extremity was spastic, while the left upper and right lower ex- 
tremities were flaccid. The blood pressure was 110/80. The mine examination 
was negative. The spinal and blood Wassermaim tests were negative. During 
her stay in the hospital she never regained consciousness. Her pulse varied be- 
tween 130 and 150 and her temperature between io2°-io8° F. She died 3^- days 
after the onset of illness. 
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Autopsy: Negative except for the brain, which showed many pete- 
chial hemorrhages throughout the white matter. These hemorrhages 
were also very numerous in the basal nuclei. 

Microscopic Examination: The hemorrhages are both free and 
perivascular in type. No cellular infiltration or nerve ceU degenera- 
tion is visible. 

Case 13. Male, aged 3 years. Had always been very robust, and before the 
onset of his present illness showed no signs of any infection. While eating bread 
one day, he complained of feeling ill. His eyes became fixed, his arms and legs 
showed a marked spasticity and his head became stiff and retracted. Drowsi- 
ness gradually set in and he died about an hour after the onset of illness. No one 
else in the family eating the same bread became ill. 

Autopsy: Negative except for the brain. The vessels in the brain 
were prominent. On section it was difficult to determine whether we 
were dealing with dilated vessels or true hemorrhages. Most of the 
lesions seemed to be in the temporal and occipital lobes of the brain, 
involving the gray matter as weU as the white. 

Microscopic Examination: Most of the small vessels of the brain 
are distended with blood. True hemorrhages of the perivascular type 
are found only in the temporal and occipital regions involving both 
the gray and white matter. A few small mononuclear cells are found 
aroimd some of the dilated vessels. 

Case 14. Male, aged 5 years, had apparently always been in good health. He 
was suddenly taken ill with headache, and malaise, A physician was called, who 
found the boy moderately ill. His temperature was 101° F., pulse 120, and there 
were no signs of an upper respiratory infection. A few hours after the onset of 
illness, the child’s neck became stiff and he experienced shght difiBculty in swal- 
lowing. His temperature gradually rose to 104° and he died 9 hours after the 
onset of the illness. 

Autopsy: Negative except for the head. Numerous small hemor- 
rhages were scattered throughout the base of the brain, the pons, and 
the upper part of the medulla. 

Microscopic Examination: The hemorrhages are both diffuse and 
perivascular. No polymorphonuclear cells are discovered. There 
is no meningitis. 

Case 15. Female, aged 55 years. She had been well until the onset of the 
present iUness. While working in her garden she experienced a severe headache. 
A physician was called who found her temperature to be 102° F. The next day she 
was restless and had a severe convulsion which consisted of spasmatic contrac- 
tions of the muscles of all her limbs. She soon lapsed into unconsciousness and 
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was admitted to the hospital in this condition. At that time her pupils reacted 
sluggishly to light, hut the ophthalmoscopic examination revealed normal find- 
ings. The blood pressure was 108/64. The urine was normal. A spinal puncture 
showed the fluid under increased pressure, -with 50 cells per cmm. Her tempera- 
ture gradually rose to 105° F., the coma deepened, she had occasional tonic con- 
vulsions and died 6 days after the onset of illness. 

Autopsy: The gross appearance of this brain is described in detail 
elsewhere in tliis paper. 

Microscopic Examination: Most of the hemorrhages are perivas- 
cular, although some larger diffuse ones can be observed extending 
up into the cortex. There is marked tissue destruction around the 
larger hemorrhages. There is perivascular demyeliniaation around 
vessels not surrounded by erythrocytes. Reactions on the part of 
the microglia and neuroglia are readily visible. There is no lymph- 
ocytic infiltration into the tissue. 

Case 16. Female, aged 1 1 years, had always been well until the present illness 
which started with a severe headache. She became feverish and complained of 
extreme aching in her bones, back and head. These complaints continued for 2 
days, when she suddenly became unconscious and had what her mother de- 
scribed as a series of generalized convulsions which lasted for i hour. From that 
time on she did not regain consciousness. She had athetoid movements of the 
arms and hands. Her legs were alternately spastic and flaccid. On admission to 
the hospital the child was in a deep coma. The lower extremities W’ere spastic 
w’hile the upper were athetotic. The knee jerks were exaggerated; there was an 
unsustained ankle clonus; and the Babinskis w’ere bilaterally positive. A spinal 
puncture showed no increased pressure; there was a pleocytosis. The urine was 
negative. The red blood count was 4,600,000, hemoglobin 83 per cent, white 
blood count 14,000, with 91 per cent polymorphonuclears and 9 per cent lym- 
phocytes. The Wassermann test w'as negative. 

The child’s signs and symptoms varied greatly during hospitalization. The 
reflexes at one time would be exaggerated and the extremities spastic, while a 
few hours later the reflexes would be decreased or absent and the extremities 
flaccid. Her temperature rose to 107° F., the pulse increased to 140, the coma 
continued, and the child expired 7 days after the onset of illness. 

Autopsy: The liings showed a slight edema and a beginning pneu- 
monia. Otherwise the findings were negative except for the brain, 
which on section revealed numerous hemorrhages throughout the 
white substance, being most marked in the occipital regions. 

Microscopic Examination: The hemorrhages are both diffuse and 
perivascular in arrangement. Numerous vessels show marked peri- 
vascular demyelinization with the characteristic reactions on the 
part of the scavenger and glial cells. No involvement of the cortex 
is observed. 
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Case 17. Female, aged 3'c;irs. She liad always been well. Her illness first 
manifested itself with a slight restlessness and a moderate elevation of tempera- 
ture. A few hours later she developed generalized convulsions whicli continued 
until the time of death, 12 hours after the onset of illness. 

Autopsy: Negative e.xccpt for the brain. TJiere was an engorge- 
ment of the pial vessels. Sections of the brain suggested small 
hemorrhages throughout the white matter. 

Microscopic Examination: There is a marked distention of the 
cerebral vessels, many of whicli are surrounded by a collar of erythro- 
cytes which in some eases extend beyond the perivascular spaces 
and into the brain substance. A few small vessels arc surrounded by 
mononuclear cells. Onl}'’ an occasional poljnmorphonuclear is de- 
tected in and around tlie vessels. There is no change in the ganglion 
cells. The cord is negative. 

Case 18. Male, aged 20 years. During the past few days his family noticed 
that he liad been lying down quite frequently and sleeping more than usual. 
However, since he had always been healthy no attention was paid to this lack of 
spirit and c.\aggcratcd fatigue. He continued to work hard, until one morning he 
suddenly developed generalized conwilsions. When the doctor arrived the 
patient was conscious and complained of severe headache. He seemed somewhat 
dull mentally. lids temperature and pulse were normal. Three hours later he 
again had a generalized convmlsion which lasted only a few minutes. At tliis time 
he was in a semistuporous state, and his temperature was somewhat elevated. 
He soon lapsed into unconsdousness from which he did not recover. There was 
no neck rigidity and the extremities were slightly spastic. The leukocyte count 
was 11,000, urine was normal, and tlie blood pressure was normal. A spinal tap 
revealed a bloody fluid under increased pressure. A detailed examination of tlie 
fluid and animal inoculation revealed no organisms. By evening the patient’s 
temperature had risen to 104.2° P., pulse 150, and respirations 20. The tempera- 
ture then varied from io2°-io4° F. until the time of death, which occurred the 
following morning about i day after the acute onset, or 3 days after the onset of 
fatigue and drowsiness. The spinal fluid obtained a few hours before death was 
identical with the first specimen. 

Autopsy: Negative except for the brain. The surface of the brain 
in the right frontal and parietal regions had a reddish appearance. 
There was a reddish tinge to the spinal fluid at the base of the brain. 
Sections of the brain revealed a slight amount of pinkish fluid in the 
right lateral ventricle. Throughout the white substance there were 
numerous hemorrhages varying in size from those barely visible to 
some a few mm. in diameter. Some of the largest hemorrhagic areas 
were in the right frontal and parietal regions where the involvement 
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extended through tlic cortex to the surface of the brain. There was 
no involvement of the cerebellum. 

Microscopic Examiiialion: Tlie hemorrhages are both diffuse and 
perivascular. In many areas, especially in the right frontal and 
parietal regions, large hemorrhages are seen with many smaller ones 
surrounding them. The brain tissue in and around the larger hemor- 
rhages is destroyed. A fat stain reveals macrophages invading the 
necrotic tissue. The hemorrhages are numerous in the region of the 
right lateral ventricle. Many of the vessel walls are damaged and 
erythrocytes can be seen which have broken out of the vessels into 
the perivascular spaces. A few polymorphonudears are discovered 
scattered among the larger areas of hemorrhage and destroyed brain 
tissue. No changes can be discovered in the large nerve cells except 
in the vicinity of the hemorrhages. Occasional areas showing peri- 
vascular demyelinization are observed. 

Smears and cultures of the brain remained sterile. 

Case 19. IMale, aged 10 years. He had always been v.’clJ. The first signs of ill- 
ness were chills and vomiting. He was put to bed and for the next few days 
seemed to improve. On the third day of his illness he complained of headache. 
That evening he -was very irritable and drowsy and by morning could not be 
aroused. He was achnitted to the hospital in tin's comatose state. Physical ex- 
amination soon after admission revealed a poorly nourished, unconscious boy. 
There was no neck rigidity, ocular reflexes were normal and the fundi w'ere 
normal. The lungs, heart and abdomen were negative. A definite rigidity was 
noted in moving the upper extremities. None of the deep reflexes was obtained. 
Has temperature was 106.8° F. The white blood count was 21,100 with 81 per 
cent polymorphonudears. The urine examination was negative. The spinal 
fluid was essentially normal except for 10 cells per cmm. 

During his stay in the hospital it was observed that the neurological findings 
were extremely variable. At times the limbs were flaedd, while a few hours later 
they would be spastic. The reflexes varied in the same manner. His temperature 
varied, usually remaining above 106°. His respirations became more labored and 
he died 2 days after admission to the hospital and 4 days after the appearance of 
the first symptoms. 

Autopsy: Entirely negative except for the brain. There was no 
evidence of blood in the cerebrospinal fluid. At the base of the brain 
over the pons, medulla and adjacent interstices there was a slight 
hemorrhagic film. The surface of the brain showed no further hemor- 
rhages. On section numerous petechiae were visible throughout the 
basal ganglia, the cortical regions and the central white matter. The 
latter showed a slight predominance of lesions. These hemorrhagic 
areas could have been easily confused with dilated vessels. 
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Mwroscopic Examination: This shows that many of the suspicious 
areas are true hemorrhages, while others are merely dilated vessels. 
Most of the actual petecliiae are situated in the white substance of 
the frontal and temporal regions. Numerous hemorrhages are de- 
tected in the pons and medulla also. Only in these latter areas is any 
round cell infiltration visible. No polymorphonuclears can be found. 
An occasional ganglion cell seems to be undergoing degeneration, but 
this finding is too infrequent to be of significance. 

Case 20. Female, aged 7 months. She was first taken ill with a cold. That 
same evening she lapsed into coma, and her temperature started to rise. She was 
admitted to the hospital where examination revealed a comatose infant with a 
temperature of 104.2° F., a slight neck rigidity and normal reflexes. The rest of 
the physical examination was negative. There were no signs of an upper res- 
piratory infection. The urine was normal and a spinal tap showed the fluid to be 
under increased pressure with 560 ceUs per cmm. No bacteria could be found in 
the smears. Repeated spinal taps showed great numbers of white cells. The red 
blood count was 2,160,000; white blood cells were 25,000 with 71 per cent poly- 
morphonuclears. 

The coma persisted. At times she would have clonic contractions of the ex- 
tremities most marked on the right side. The reflexes varied and her tempera- 
ture remained high. She died about 2 weeks after the onset of the illness. 

Autopsy: The gross appearance of this brain is described in a pre- 
vious paragraph. 

Microscopic Examination: The greatest damage is in the left half 
of the cerebrum, although numerous changes are also seen on the 
right side. The most marked involvement is in the white substance 
which contains numerous hemorrhages. These are visible in all sec- 
tions of the brain but are most extensive in the left frontal and parie- 
tal lobes where large areas of brain tissue are completely replaced by 
red blood cells. Some of the blood vessels are distended with 
erythrocytes and many more contain collars of red cells. An exten- 
sive proliferation of the endothelimn of many of the small blood ves- 
sels is noted in the frontal regions and around the left lateral ven- 
tricle. Destruction of the brain substance is noticeable about many 
of the larger hemorrhages, as well as around the blood vessels. In 
these areas there is a great proliferation of the microglia. Sections 
of the basal nuclei are normal, with the exception of a few dilated 
vessels. An occasional small hemorrhage is detected in the internal 
capsule. The pons, medulla, cerebellum and cord are aU normal. 

Smears and cultures of the brain revealed no growth. Animal 
experimentation with this brain tissue has been described above. 
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Tabw: IV 
Summary oj Cases 


Cose No. 

Sex 

A^e 

Duration of illness 

3 Fio;t symptoms 


M 

yrs. 

5 hours 


I 

33 

Unconsciousness 

Convulsions 

2 

■ 

25 

12 hours 

Unconsciousness 

Convulsions 

3 

M 

41 

4 hours 

Unconsciousness 

4 .*. 

D 

36 

few hours 

Found dead 

s 

M 

40 

few minutes 

Sudden death 

6 

a 

14 mo. 

3 hours 

Convulsions 

7 

M 

25 

5 days 

Dizziness 

Stupor 

8 

M 

44 

14 da3rs 

Headache 

Stupor 

9 

M 

18 

2 days 

Headache 

ResOessness 

lO 

M 

35 

4 days 

Malaise 

Stupor 

11 

M 

14 

3 days 

Headache 

Convulsions 

Unconsciousness 

12 

■ 

36 

32 days 

Headache 

Unconsciousness 

13 

M 

3 

I hour 

Malaise 

Stupor 

14 

M 

5 

9 hours 

Headache 

Malaise 

IS 

i 

55 

6 days 

Headache 

Convulsions 

Unconsciousness 

i6 

1 

. II 

7 days 

Headache 

Convulsions 

Unconsciousness 

17 

F 


12 hours 

Restlessness 

Convulsions 

i8 

M 

20 

3 days 

Headache 

Convulsions 

Stupor 



M 

10 

4 days 

Headache 

Stupor 


F 

7 mo. 

14 days 

Stupor 
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Summary and Conclusions 

1. Twenty cases of a pecuKar involvement of the central nervous 
system are reported. We have called this disease hemorrhagic 
encephalitis, since clinically the patients present a typical picture of 
encephalitis and pathologically the most striking lesion is a hemor- 
rhagic involvement of the brain. 

2. Hemorrhagic encephalitis may be characterized clinically as an 
acute aUment of the central nervous system occurring in previously 
healthy young individuals, and manifesting itself by a sudden onset, 
headache, an abrupt rise of temperature and a rapid loss of con- 
sciousness. Convulsions are common, the extremities are spastic, 
and the reflexes are frequently abnormal and variable. Death 
ensues in from a few hours to several days after the onset of the 
iUness. 

3. The most conspicuous feature of this disease is the pathological 
picture in the brain. It is chiefly hemorrhagic and predominantly 
in the white matter. The hemorrhages vary widely in number and 
size, from extensive extravasations which destroy much brain tissue 
to tiny perivascular bleedings. In the brains of patients who survive 
the first few days there are often observed areas of non-hemorrhagic 
perivascular demyelinization which are invaded by scavenger cells. 
Consistent specific changes in the ganglion cells have not been ob- 
served. An occasional blood vessel shows a slight perivascular in- 
filtration of mononuclears. A few widely scattered polymorphonu- 
clears can be detected in the areas of degeneration. Postmortem 
study shows that aU the organs except the brain are normal. 

4. Cerebral hemorrhages may frequently be found in other dis- 
eases but by careful clinical and pathological study these can easily 
be differentiated from true hemorrhagic encephalitis. 

5. The brain tissue from i case of hemorrhagic encephalitis has 
proved virulent to rabbits on intracerebral inoculation. 

6. On the basis of the present study we are indined to accept 
hemorrhagic encephalitis as a clinical entity and believe it is entitled 
to a definite position in neurological nosology. 
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Plate 26 

Fig. I. Section through the brain of a 55 year old female dead of hemorrhagic 
encephalitis (Case 15). The hemorrhages are almost exclusively of a small 
discrete type. Note their sharp localization to the white substance of the 
brain and their relative paucity in the basal nuclei, x 0.8. 

Fig. 2. A case of hemorrhagic encephalitis in a child aged 7 months (Case 20), 
Sections show massive irregular hemorrhages and a marked destruction of 
brain tissue. The necrotic brain tissue has extended through the cortex to 
the surface of the brain, x 0.8. 
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Platk 27 

Fig. 3. A large hemorrliage of the brain from a case of hemorrhagic encephalitis, 
'J'he red blood cells have c.xtcndcd to the surface of the brain. Numerous 
smaller e.xtravasations of red cells can be detected around the larger one. 
Azocarmine stain, x 200. 

Fig. 4. Hemorrhagic encephalitis showing rupture of a small vessel with 
erj'throcytes that have apparently passed out into the perivascular space. 
Note the sharp limitation of the hemorrhage to the periv'ascular space with 
onlj' slight involvement of the surrounding brain tissue. Hemato.xylin and 
eosin stain, x 400. 

Fig. 5. A “ball” or solid hemorrhage from a case of hemorrhagic encephalitis. 
.Although no vessel is visible in this hemorrhage, the rounded uniform ar- 
rangement suggests a vascular origin. Hematoxylin and eosin stain. 
X 200, 

Fig. 6. Hemorrhagic encephalitis showing ring hemorrhages. Note the clear un- 
involved center surrounded b}' a dense ring of erj'throcytes. These hemor- 
rhages also have a tendency to remain discrete. They are caused by rupture 
of the numerous capillaries that surround the larger vessels. .Azocarmine 
stain. X 75- 
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Plate 28 


I''iG. 7. JTcmorrhagic encephalitis, showing a ring hemorrhage under higher 
magnification. Note the tendency of the red cells to remain localized. Azo- 
carmine stain. X 200. 

Fig. 8. A case of hemorrhagic encephalitis, in which the hemorrhages are diffuse 
and not limited to the region of the larger blood vessels. 7 'hese pctechiae 
are small and therefore have caused but slight injury* to the surrounding 
brain tissue. Azocarminc slain, x 2co. 

Fig. 9. Hemorrhagic encephalitis, showing the thinning out and rupture of 
numerous brain fibers b\' a large hemorrhage. Note that an occasional fiber 
is still intact and passes through the mass of erythrocytes. The invasion of 
the scavenger cells cannot be seen with this stain. Modified Laidlaw silver 
slain. X 4co. 

Fig. 10. Hemorrhagic encephalitis showing complete demyclinization about a 
cerebral vessel, from a patient who died 6 days after the onset of illness. 
Note the relative absence of scavenger cells and erythrocytes. There is an 
increase of glial fibers laid down bj’ the proliferating astrocytes. Iron hema- 

, toxylin - \’an Gieson stain, x 2co. 
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Plati: 29 

Fig. II. Hemorrhagic encephalitis, early perivascular demyeh’nization. Note 
the beginning infiltration of fat-granule cells. 'I'here arc no free erythrocytes 
surrounding the vessel. Hemato.xylin and eosin stain, x 400. 

Fig. 1 2. Hemorrhagic encephalitis showing a marked increase of microglia in an 
area of cerebral injury. Many of the cells have just arrived and still possess 
their wavy branched processes. Others have alreadv changed into “rod 
cells.” No fat-granule cells have, as yet, been formed. Del Rfo-Horlega’s 
silver carbonate stain, x 400. 

Fig. 13. Petechiae in the brain of a patient dead of arsenic poisoning. The hem- 
orrhages arc mostly of the ring type. Thrombi arc present in the involved 
vessels. No tissue destruction is apparent. Azocarminc stain, x 400. 

Fig. 14. DilTusc e.xtravasations of red cells throughout the brain tissue in a case 
of purpura. There appears to be no definite localization of the er>dhrocytes 
about larger vessels. Azocarmine stain, x 200. 
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Plate 30 

Fig. 15. Coronal section through the brain of a patient dead of a bilateral bron- 
chopneumonia. 7 'he cerebral tissue is filled with small discrete hemorrhages 
which tend to be limited to the white substance. The basal nuclei are rela- 
tively uninvolved. No gross areas of cerebral softening are visible, x 0.8. 

Fig. 16. Traumatic cerebral hemorrhages. !Most of the petechiae are found in 
the white matter. Note the small bruised area in corte.v of the brain at the 
margin of the sagittal suture on the right. There is a tendency for most of 
the hemorrhages to arrange themselves in tin}’- groups instead of being dis- 
seminated throughout the tissue, x 0.8. 
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DISTRIBUTION OF NUCLEAR INCLUSIONS IN WILD 

ANIMALS * 

E. V. CowDRY, Alfred M. Lucas and Herbert Fox 

{From the Anatomical Laboratory, Washington University, St. Louis, Mo., 
and the Laboratory of Comparative Pathology, Philadelphia Zoological Society, 

Philadelphia, Pa.) 

The viruses that are most destructive receive the closest attention. 
But biologically the less pathogenic ones, the presence of which is 
not revealed by distinctive clinical symptoms, are equally important 
to those who wish to understand the place in nature of these elusive 
organisms or substances. The discovery of the latter has been largely 
a matter of chance. In 1920 Jackson ^ reported intranuclear inclu- 
sions, which she called protozoan parasites, in the salivary glands 
of guinea pigs, explaining that they were observed in examinations 
made for an entirely different purpose. We now know that they are 
caused by a virus. During the routine study of the tissues of rats in 
a large dietary experiment, Thompson^ discovered somewhat similar 
inclusions also in the salivary glands. In the course of investigations 
on Rift Valley fever, Findlay ^ found intranuclear inclusions in the 
liver cells of mice which showed no symptoms of disease and were 
caused by a hitherto unrecognized mouse virus. Many other in- 
stances of chance favoring the prepared mind might be cited. 

If we try to plot out the distribution of nuclear inclusions which 
have been proved experimentally to be of virus etiology and others 
under suspicion in the vertebrate series, we find them in 2 fish, i 
amphibian, no reptiles, 4 birds and at least ii mammals. This Hst 
includes only the species in some individuals of which they naturally 
occur. It does not include a considerable number of other species in 
which inclusion formation can be induced by injection of viruses 
foreign to them. Impressed by the need for more data on the dis- 
tribution of intranuclear inclusions, and possibly of viruses, particu- 
larly in wild animals, the Rectors ^ made a short survey of the tissues 
of such species in the vicinity of St. Louis and found a remarkable 
case of their development, without symptoms, in the salivary glands 
of common moles. The purpose of this paper is to report briefly a 

* Aided by grants from the Rockefeller Foundation to Washington University for 
research in science and in virus diseases. 
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more detailed survey chiefly of the kidneys of mammals and birds 
from the pathological service of the Zoological Society of Phila- 
delphia. 

Material 

This included 165 animals of which 78 were mammals and 87 were 
birds. The mammals belonged to 58 species distributed as follows: 
Arliodactyla 16, Primates 10, Xcnarlhra i, Rodenlia 8, Carnivora 21 
and Marsupialia 2. The birds comprised 62 species as follows: 
Passeriformes 5, Slrigiformes 2, Coraciiformes i, Piciformes 1, PsiU- 
laciformes 20, Columhiformes 2, Ralliformes 3, Galliformes 4, Acci- 
pitriformes 9, Anscriformes 8, Ardeiformes 4, Slrulhioniformes i, 
Baleariciformes i and Phoenicopieriformes i. The majority, nega- 
tive as far as inclusions are concerned, are listed later by them- 
selves and the few positive are given in Table I. 

Most of the tissues were fixed in formalin or Zenker’s fluid and 
sections w^ere colored routinely with hematoxylin and eosin. In 
special cases Giemsa’s stain was also employed. By reference to the 
number accompan3dng each specimen complete clinical and patho- 
logical reports could be secured from the records of the Zoological 
Society. A large collection of specimens showing nuclear inclusions 
in virus diseases w^as available for comparison in the Anatomical 
Laboratory of Washington University. 

Observations 

Search was made for the type A and B inclusio ns of Cowdiy.° 
Under tj'pe A are grouped those caused by the viruses of herpes, 
yellow fever, mad itch, fox encephalitis and so on; and imder type B 
those in Boma disease, poliomyelitis, and so on. In both there is an 
increase in acidophilic material in the nucleus but there the similarity 
ends. Tj ^e A inclusions a re formed by the accumulation in the 
nucleus of granular acidophilic material and the margination on the 
nuclear membrane of all the basophilic nuclear substance. At a cer- 
tain stage in their development a clear space is interposed between 
the central, acidophilic and the peripheral basophilic materials. The 
nucleoli are altered, move to the nuclear membrane, disappear and 
the inclusion-laden nuclei disintegrate. 

Type B inclusions, on the contrary, are usually spherical, often 
hyaline, droplet-Jiice bodies which make their appearance in nuclei 
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that otherwise look fairly normal. The basophilic chromatin is not 
marginated in the same way but when the inclusions become very 
large, as they sometimes do, it is pushed away toward the nuclear 
membrane. The nucleoli persist for a longer time and nuclear dis- 
integration is less marked. 

To recognize well developed inclusions of either type is not diffi- 
cult. It is the border line cases that give trouble. Normally the 
nuclei of the renal tubules of mammals and birds are rounded bodies 
of fairly uniform size. One, occasionally more, nucleoli are present 
and are the only nuclear structures visible in them in the living un- 
stained state. But it is with fixed tissues that we have to deal. In 
them the nucleoli generally color with basic dyes, but they are really 
amphinucleoli, for they contain some acidophilic as well as baso- 
philic material. The association of the two components is not always 
the same. It is when the basophilic material is mixed with the acido- 
philic that the nucleolus as a whole colors blue with Giemsa or 
hematoxylin and eosin. Frequently the basophilic component is 
applied rather unevenly on the surface of acidophilic substance, 
which is more definitely spherical in form and acts as a kind of core 
(Figs. 2 and 16). More rarely it becomes detached altogether from 
the acidophilic mass, in which case the latter is commonly called an 
acidophilic nucleolus, or plasmasome, but this is not illustrated in 
our figures. The prefix, plasma, indicates something staining with 
plasmatic, acid dyes in contrast to nuclear, basic ones. In addition 
to the nucleolus the nuclei contain irregular masses and strands of 
basophilic material which are generally more marked as the baso- 
philic nuclear membrane is approached. A small amount of acido- 
philic material can also be distinguished in the nucleoplasm. Some- 
times it appears as a thin, more or less homogeneous deposit in 
which condition it is represented in gray near the nucleoli in Figures 
1 and 2. It may, however, appear in the form of fairly discrete parti- 
cles hke those which make up inclusions caused by viruses. Its rela- 
tion to the acidophilic nuclear core is not known. Microincineration 
shows that the latter is much richer in mineral constituents, but this 
difference may be only one of degree conditioned by the greater 
density of the nuclear core. In the nuclei of the convoluted tubules 
the extranucleolar acidophilic material and the nucleoli are more 
noticeable than in the nuclei of the collecting tubules. In the birds’ 
kidneys they are shghtly more prominent than in mammals. 
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But the tissues examined were not normal. They came from an 
extensive autopsy service and the nuclei exhibited a wide variety of 
modifications. We shall eliminate first those that we do not con- 
sider to have any definite bearing on our problem. 

Increases in acidophilic material to the degree illustrated in gray 
in Figures i and 2 were listed as negative. As was inevitable, some 
of the tissues showed postmortem autolysis. In such cases the acido- 
philic nuclear material referred to becomes more prominent (Fig. 5) 
and other changes occur which \vill be described in detail by Lucas 
and Cowdry but the alteration sweeps through the tissue fairly 
uniformly in the case of the epithelial cells present and for this reason 
can easily be distinguished from the effect of virus action which is 
more localized, and generally, but not always, accompanied by char- 
acteristic lesions. 

Hypertrophy of individual nuclei (Fig. 18) and of groups of nuclei 
was very commonly seen without either type A or B inclusions. It 
was observed in 18 species of birds and was most marked in a South 
American porcupine. In 5 mammalian species and in i bird this was 
accompanied by margination of basophilic chromatin. Margination 
alone without increase in central acidophilic material (Fig. 6) was 
observed in 9 mammalian species and 4 avian ones. Sometimes the 
nucleoli were enlarged (Fig. 16). 

Though alterations such as these were noted in some of the follow- 
ing specimens, no definite intranuclear inclusions suggestive at all of 
virus action were detected. The specimens are listed because any 
study of distribution must take into consideration negative findings. 
Only the kidneys were examined, unless other organs are mentioned. 
The nmnerals in brackets indicate the number of individuals of a 
given species studied when this exceeded one. 


ArtiodaclyJa 

Klipspringer 

Llama 

Indian buffalo 
Blesbok 
Himalayan thar 
White tailed gnu 
Bison (3) 
American elk 


Mammals 

Western water buck 
Apis deer 
Japanese sika deer 
Hog deer 

Central American deer (2) 
Virginia deer 
Red deer 

Pigmy hippopotamus 
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Priimies 

Green monkey (2) 

Kxa macaque 
Orang utan 
Hocheur monkey 
Weeper cebus (2) 
Common marmoset 
Silky marmoset 

Xenarihra 

Long haired armadillo 
Rodentia 

Canada porcupine (3) 
Porcupine 
Capybara 
Coypu rat 
Prairie dog 
Prevost’s squirrel 
Gray squirrel (2) 

Carnivora 
Sea lion 


Himalayan bear 
European brown bear 
Black bear 
European badger 
Mink (2) 

Polecat 

Otter 

White nosed coati (2) 
Ring tailed coati 
Crab eating raccoon 
Raccoon (3) 

Coyote 
Red fox 
Carpathian fox 
Jackal 

Two spotted paradoxure 
African civet 
Wild cat 
Caracal l5aix 
E3T:a cat (2) 

Marsupialia 

Common opossum (6) 
Red kangaroo 


Birds 


Passeriformes 

Canary 

American robin 

European jay 

Wild grackle (brain only) 

Common crow (2) 

Strigiformes 
Bam owl 
Spectacled owl 

Coraciifornies 

Abyssinian ground hombiU 

Piciformes 
Cuvier’s toucan 

Psittaciformes 
Undulated grass parrakeet 
Parrakeet 

Blue and yellow macaw (liver 
only) 

Red and blue macaw 
Red sided edectus 


Salles amazon 

White fronted amazon (2) 

(also liver and lung) 

Yellow fronted amazon (3) 

(also liver and lung) 

Salvin’s amazon 
Green cheeked amazon (2) 

(also liver) 

Golden naped amazon 
Festive amazon 
Levaillant’s amazon (7) 

(also Hver and lung) 

Wild parrots (6) 

(also brain) 

Red vented parrot 
St. Vincent’s parrot 
Lesser sulphur crested cockatoo 
Sulphur crested cockatoo 

Columhiformes 
Barbary turtle dove 
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RalliforiMs 
Common coot 
Purple gallinule 
Florida gallinule 

GnUiformes 
Common peafowl (2) 
Tlain quail 

Vulturine guinea fowl 

Accipifriformes 
Rupple’s vulture 
Abyssinian vulture 
Cooper's hawk (2) 
Red shouldered hawk 
Goshawk 
Marsh hawk 
Red tailed hawk (2) 
Balleur eagle 
Bald eagle 


A vseriformes 
Gargany teal 
Muscovy duck 
Mallard duck (2) 

Lesser v/hite fronted goose 
Hybrid goose 
Egyptian goose 

Ardci/orjnes 
White necked stork 
WTiite stork 
Scarlet ibis (2) 

Straw necked ibis 

Struthiomfonucs 
Somali ostrich (2) 

Balcariciformcs 
Demoiselle crane 

PJiocnicoptcriforntcs 
Rudd3' flamingo 


The intranuclear inclusions that we desire to report are listed in 
Table I. 

Type A Inclusions, found in the kidneys of two Guatemalan ama- 
zons (Figs. 9-15), were interesting because they exhibited points of 
resemblance to the inclusions caused by the yellow fever virus. Com- 
pare Figures 9 and 10 with Cowdry and Kitchen’s ^ Figure 16, and 
Figure ii with their Figure 24. In both, the nuclear inclusions are 
made up of sharply outlined particles of fairly uniform size. They 
appear in the form of clumps in the zone intermediate between the 
nucleolus and nuclear membrane. But in the Guatemalan amazon 
fewer nuclei show them and the condition did not lead to necrosis. 
In amazon No. 10602 there were approximately 1.164 inclusion- 
laden nuclei per oil immersion field and in No. 10240, 0.125. The 
sections were about 8 microns thick. A simple calculation gives the 
incidence of inclusions in the sections more accurately, in the first at 
65.6 per sq. mm. and in the second at 7.07. In addition to the kid- 
neys the liver, lung, testis, epididymis, striated and heart muscle of 
amazon No. 10602 and the liver, lung, testis, epididymis, pancreas, 
spleen and intestine of amazon No. 10240 were examined without 
finding any more type A inclusions. Type B were, however, foimd 
abundantly in the lungs of No. 10602 (Figs. 14 and 15), but were ab- 
sent in the lungs of No. 10240, despite the presence in both of similar 
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lesions of advanced anthracosis. Nothing in the history of either 
animal suggests a virus infection. The autopsy reports were: 

No. 10602: Injury and malnutrition; edema, congestion, hemor- 


Table I 


Animal 

Type A 
inclusions 

Type B 
inclusions 

Figures 

Mammals 




Artiodactyla — Red deer 


+ 


Primates — Mongoose lemur 


+ 

3 

“ — Kra macaque 




“ — Rhesus macaque 


+ 

4 

“ — Lion tailed macaque 


+ 


Rodentia — South American porcupine 

j 



Birds 




Piciformes — Cuvier’s toucan 

(liver, lung, pancreas, intestine, 
spleen — negative) 


+ 

7 and 8 

Psittaeijormes — Guatemalan amazon, 10,240 

(liver, lung, pancreas, intestine, 
testis, epididymis, and spleen 
— negative) 

+ 


9 and 10 

“ — Guatemalan amazon, 10,602 

lung 

(liver, striated and cardiac 
muscle, testis and epididymis 
— negative) 


+ 

II, 12 and 13 

“ — Black crested cockatoo 

+? 


17 

Coluiribiformes — Wonga Wonga pigeon 


+ 

18 

GaUiformes — Silver pheasant 


+ 


Accipitriformes — Marsh hawk 


"I" 

20 

Anseriformes — Ceropsis goose 


+ 

21 

“ — Spur winged goose 


+ 



rhage and anthracosis of lungs; myocardial degeneration and chronic 
endocarditis (?), atrophy of spleen and thyroid; atrophy and fibrosis 
of adrenal; pigmentation and hydropic degeneration of fiver; atro- 
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pluc enteritis, atherosclerosis (carotid and aorta); hyperplasia of 
bone marrow. 

No. 10240: Pigmentation, passive congestion and multiple ab- 
scesses of liver (Gram-negative bacilli in smears); hyperplasia of 
bone marrow; acute necrotizing enteritis; hydropic degeneration of 
pancreas; cloudy swelling of kidney; edema, congestion and abscess 
formation of lungs; pigmentation, diffuse hyperplasia and myeloid 
metaplasia of spleen. 

The nuclear inclusions in the black crested cockatoo were less 
noticeable and it is doubtful whether they merit inclusion in type 
A, although the nucleus illustrated in Figure 17 could not itself be 
distinguished from one affected by the virus of herpes for example. 
It is the infrequency of such nuclei, coupled with the absence of 
tissue reaction and the unsatisfactory way that the tissue stained, 
which makes the diagnosis doubtful. 

Nuclei containing type B inclusions were spread quite widely in 
the preparations among other nuclei which showed no inclusions; 
but in the marsh hawk the change was sharply localized, being 
limited to the nuclei of a single collecting tubule (Fig. 20). These 
t5pe B inclusions are clearly of more frequent occurrence than those 
of type A and may (Figs. 4, 8 and 20) or may not (Figs. 3, 7, 14, 15 
and 21) be accompanied by nuclear hypertrophy; whereas the type 
A inclusions in the amazon and cockatoo did not make their appear- 
ance in particularly enlarged nuclei; the largest is represented in 
Figure 13. No characteristic lesions, either infiltrative, proliferative 
or degenerative, were found with the type B inclusions, neither did 
the clinical history or the autopsy findings give any reason to believe 
that a virus was operative. Yet some of these type B inclusions 
were as large and conspicuous as any reported in the literature. We 
compared them particularly with inclusions in the kidneys of sewer 
rats, of which specimens were very kindly sent to us by Dr. E. 
Hindle.8 

The crystalline inclusion represented in Figure 19 was unique. 
Others like it were not found even in the same preparation. It is 
quite different in appearance from the large intranuclear acidophilic 
crystals first reported by Szymonowicz and MacaUum and found also 
by Cowdry and Scott ® in the livers of dogs. 

Before attempting to discuss the possible significance of these 
observations we wish to report the results of a search for nuclear 
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inclusions in kidney specimens from 1012 human autopsies cour- 
teously loaned to us by Dr. H. Gideon Wells of Chicago. No type 
A inclusions were found. Type B inclusions were seen in only 17 
kidneys, or 1.67 per cent, as contrasted with 14 out of 163 animals, 
or 8.58 per cent. 

But the incidence of nuclear inclusions may not be so much lower 
in the human series than in the wild animals as the figures indicate. 
If the search for them in the humans had been equally thorough a 
few more might have been found. The sections of the human kidneys 
had all been weU stained with hematoxylin and eosin, which is the 
most satisfactory method for inclusions, because of color contrast 
and permanency, but some of them were rather too thick. It is more 
difScult to identify inclusions by focussing up and down through 
entire nuclei than in preparations about 5 microns thick in which 
many nuclei are cut in section. But none of the sections were so 
thick that they could not be easily studied with a 3 mm. oil immer- 
sion objective. Postmortem changes were rather more frequent in 
the human series. In such cases,' the shrinkage of the nuclei and 
alteration in staining reaction would have interfered with the identi- 
fication of inclusions, particularly those of type A, if not well 
developed. 

On the other hand pathological lesions were much more numer- 
ous and varied in the human than in the wild animal series. With 
greater frequency in fruictional disturbance, one would expect a 
somewhat higher incidence of inclusion formation quite irrespective 
of whether they are caused by viruses or cellular environments 
unusual in osmotic or other features. Indeed, the remarkable rarity 
of nuclear inclusions in the human series shows that, in the kidney 
at any rate, they are not ordinary, commonly encountered nuclear 
degenerations. Comparison of the 14 kidneys, in which they were 
seen, with the others failed to reveal any distinctive pathological 
process. None of the inclusions were so large and noticeable as those 
observed in some of the wild animals and others in preparations of 
frog and rat kidneys kindly sent to us by Dr. B. Lucke and Dr. E. 
Kindle respectively (see Lucke/® Figs. 14 and 15, and Kindle®). 
Neither were they so conspicuous as the inclusions reported in the 
kidneys of fetuses and young children by many authors (see Farber 
and Wolbach^O- The kidneys that we examined were almost en- 
tirely from adults. It is possible that such inclusions, though present 
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earlier, had disappeared, or that a geographic factor of some kind 
operates, as suggested by Farber and Wolbach, and that for some un- 
known reason this factor is less widespread in the Middle West. 

Discussion 

This examination of many specimens of the kidneys of wild ani- 
mals and humans has been a fatiguing but very profitable experience. 
It has not brought to light a single instance of inclusions that we 
care to attribute definitely to virus action. Those which most nearly 
qualify were the A inclusions in the Guatemalan amazon and the B 
inclusions in the marsh hawk. Neither was accompanied by an 
infiltrative tissue reaction. It is clear that type A are less common 
nuclear modifications than type E. How are we to explain their 
formation? 

Obviously about all we can do is to mention some of the possible 
factors. Wells states that “it is probable that chemically the dif- 
ferences between nucleus and cytoplasm are quantitative rather 
than qualitative.” This view is supported by recent studies on 
microincineration which show that nuclei are richer in mineral con- 
stituents than was formerly supposed (Scott Chromatin holds 
our attention because it stains vividly and on account of its great 
physiological significance, but it is one of many nuclear components. 
Chemically, chromatin is a protein salt of nucleic acid. According 
to Mathews,^^ “the nucleic acid is apparently the same, or at any 
rate closely similar in aU the different cells examined; but the pro- 
tein base appears to be characteristic of the ceU,” The firm, jelly- 
like consistence of most nuclei he attributes to the gelatinizing prop- 
erty of solutions of nucleic acid salts. The nucleic add is basophihc 
for it combines with “basic” dyes. That “basic chromatin” carries 
a negative electrical charge has been shown by McClendon.^® When 
cells are placed in an electric current he observed the actual pushing 
out of the nuclear membrane toward the anode by pressure of the 
basic chromatin. Addophilic material carries, on the contrary, a 
positive charge. The outstanding feature of the formation of type 
A inclusions is a change involving the entire nucleus by which the 
acidophilic material, perhaps the protein, protamin or histon base of 
the nucleic acid salt, becomes separated from the basophilic nucleic 
add and accumulates in the center, whereas the add moves to the 
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periphery of the nucleus. But the acidophilic substance may be only 
partly or not at all of chromatinic origin. Other nuclear components 
than chromatin may be involved and there is a possibility that some 
of it may enter the nucleus from the surrounding cytoplasm, for 
there is usually some hypertrophy which must be due to intake of 
extraneous material, though it may simply be water. 

At first sight one gains the impression that an alteration of this 
sort might result from the action of a nuclease. Van Herwerden 
was able to remove selectively basophilic components from several 
types of cells by allowing a nuclease to act on sections of alcohol, or 
hot water, fixed tissue. We experimented with a nuclease kindly 
prepared for us by Dr. D. J. Kooyman. This we injected into the 
living epidermis, because we thought that in an avascular situation 
we might secure a maximum change. But stained sections failed to 
show any sign of the development of type A inclusions. Moreover, 
in our studies on postmortem autolysis chromatin is broken down, 
presumably by nuclease, but inclusions are not formed. Lee,^^ work- 
ing in this laboratory, has been more nearly successful in his investi- 
gation of osmotic factors producing acidophilic inclusions which very 
closely resemble those caused by viruses. The process, whatever it is, 
of type A inclusion formation ordinarily goes on to complete nuclear 
disintegration and cellular necrosis. It is generally accompanied by 
a local invasion of phagocytes. 

Type B inclusions occurred more frequently, both in the wild ani- 
mals and humans. The chromatin is not divided in quite the same 
way into central acidophilic and marginating basophilic fractions. 
When they are small the nuclear structure about them is not modi- 
fied, except for the appearance of a dehcate halo. When they in- 
crease greatly in size the contents of the nucleus are crowded toward 
the nuclear membrane. As with beginning type A inclusions, it is 
' not possible to draw a definite line of distinction between the inclu- 
sions themselves and acidophilic material normally present in small 
quantities in the nuclei. The nuclear change is less radical than in 
type A. It has the appearance of developing more slowly and the 
terminal stage of necrosis is seldom seen. ^This may explain why 
type B inclusions often occur without an associated tissue reaction, 
toxic substances perhaps not being liberated to the same degree as in 
the development of A inclusions. We do not deny that type B in- 
clusions may be the result of virus action but we think that they 
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may be caused directly by other factors as well, or secondarily by 
viruses activating or influencing these other factors. In estimating 
the probability that any given type B inclusions are due to virus 
action several considerations are important. 

The first is the extent of deviation from normal. WTien the in- 
clusions arc of small size, consisting only of droplets of acidophilic 
material in nuclei whose cells othervnse look as usual, one is inclined 
to dismiss them as of little if any significance from the point of view 
of viruses. Another feature that leads to scepticism is uniformity in 
distribution of the inclusions in practically all cells of the same sort 
in a preparation; for, as already stated, the action of viruses is gen- 
erally limited to relatively small foci and unequal in degree, some 
cells being altered slightly and others more severely, as if they had 
been attacked one after another. 

Inclusions of this type B are only exceptionally marked by a tis- 
sue reaction detectable by routine techniques, by which we mean 
necrosis of cells, infiltration by phagocytes, fibrosis and so on. It is 
possible that the application of special cytological and microchemical 
methods might reveal alterations in the neighboring epithelial cells 
and we exclude arbitrarily, in specifying the tissue reaction, hyper- 
trophy and other modifications in the inclusion-laden cells them- 
selves. A tissue reaction of this kind was not a noticeable accom- 
paniment of type B inclusions in either our wild animal or human 
series. It may have occurred to a mild degree and have disappeared, 
or the inclusion formation in any particular locality may perhaps be 
secondary to considerable increase in virus elsewhere and transport 
of the virus to the area by the blood stream. This may apply also to 
certain type A inclusions. A dog which had been inoculated with 
fox encephalitis virus showed in its kidney (given to us by Dr. R. G. 
Green inclusions limited to the renal glomeruli and there was no 
tissue reaction. But the affinity of this virus is primarily for en- 
dothelium. Moreover, the inclusions in fetuses and young children 
are often devoid of tissue reaction, as noted by Farber and Wol- 
bach.^ 

Early type B inclusions may be of the same size as nucleoli or 
considerably smaller. One or more of the following distinguishing 
features can generally be made out. (i) Clear halos common about 
the inclusions are rare or absent about the nucleoli. (2) The inclu- 
sions are not definitely placed in the nuclei and of limited number 
like the nudeoh. (3) When several inclusions occur in a single nu- 
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dens, they often exhibit a gradation in size from bodies much smaller 
than nucleoli to considerably larger ones. (4) They are usually wholly 
acidophilic, whereas the nucleoli may color with both add and basic 
dyes or consist of an acidophilic core on whidi basophilic material is 
plastered. 

Further investigations may bring to light other differences. 
Nucleoli differ from type A inclusions in the possession of large 
amounts of mineral.^®' We have indnerated the type B inclusions 
in Hindle’s sections of rat’s kidneys and wish to report very little 
mineral, but the specimens were not fbced by the best method for 
microindneration. We have no data for other type B inclusions but 
we think it likely that this difference fro’m nucleoli will hold. Nu- 
deoli are known to be very compact structures. In the nerve cells 
of some lower forms they settle in the lowest parts of the nuclei 
by their own weight and most histologists have seen mstances of 
nucleoli carried right out of the nuclei by the microtome knife. A 
careful comparison of both types of indusions with nucleoli and 
basophilic chromatin in centrifuged cells is indicated. 

When, on the other hand, type B indusions are localized in dis- 
tribution, are very large, and the containing nuclei are much dis- 
tended, we entertain the possibility of virus action and await experi- 
mental proof. This is the status of the inclusions in the kidney of the 
marsh hawk and in the kidneys of sewer rats of Hindle. Bodies diffi- 
cult to distinguish morphologically from inclusions of type B appar- 
ently occur normally in the cells of the vesicula semenalis of certain 
ma mm als and humans, and in those of the nudeus supraopticus 
and paraventricularis of the midbrain of many vertebrates and hu- 
mans.^'^® In both localities they are interpreted as phases in the 
elaboration of nuclear secretions, for which, however, the evidence, in 
our opinion, is insuffident. But their similarity to inclusions in other 
tissues, which some have attributed to virus action, inspires caution. 

How. type B indusions are formed remains to be determined. 
Splitting of the nucleic acid salt of protein is not a conspicuous fea- 
ture. When first they begin to grow, the internal organization of the 
nudei is not lost. They seem to be passive accumulations of sub- 
stance, the nature of which awaits chemical analysis. All we know at 
present is that, like the t3pe A indusions, they contain little or no 
thymonudeic add and are not of fatty nature. They may conceiv- 
ably be produced by faulty elimination of nuclear material or by the 
entry of extraneous material in unusual amounts. Either might be 
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occasioned by a modification in the permeability of the nuclear 
membrane, wliich in turn might result directly or indirectly from 
the operation of a virus or simply from a functional derangement of 
common occurrence in some tissues and very rarely seen in others, 
depending upon their intrinsic attributes. 

SuitMARY 

Type A inclusions resemble those of herpes and usually: (i) ex- 
hibit a change which sweeps through the entire nucleus whereby 
acidophilic material accumulates in the center to form the inclusion 
and basophilic material marginates on the nuclear membrane; (2) 
lead to complete disintegration of the injured cells, and (3) are ac- 
companied by a noticeable tissue reaction. Inclusions of this kind 
were seen only in the kidneys of 2 Guatemalan amazons. In so far 
that each inclusion was made up of clumps of discrete acidophilic 
particles and the nucleoli were not displaced early in the process, 
they look quite like the intranuclear inclusions caused by the yellow 
fever virus, but they were rather evenly distributed in the tissue and 
were not accompanied by distinctive lesions. 

Type B inclusions resemble those in Boma disease and usually; 

(1) develop as local accumulations of acidophilic material in nuclei, 
the remaining parts of which at first show no other modifications; 

(2) crowd all other nuclear materials toward the nuclear membrane 
as they increase in size; (3) do not lead to extensive nuclear disinte- 
gration or to severe accompanying tissue reactions. These were 
more widely distributed. They were found in the lungs of one of the 
Guatemalan amazons and in the kidneys of 7 out of 62 species of 
birds, 6 out of 58 species of mammals and 17 out of 1012 individual 
humans. 

Acidophilic nuclear material is normally present in small amounts 
in the nuclei of renal epithelial cells. There is no sharp line of dis- 
tinction between it and inclusions of either type. It is the degree of 
change that raises the question of virus etiology. When the inclu- 
sions are (i) so conspicuous that they can be seen without the aid of 
oil immersion objectives, (2) localized in distribution, and (3) related 
to marked lesions, one looks for a virus. But no type A inclusions, 
and especially no type B ones, which are so much more common, 
should be regarded as pathognomonic of virus action without experi- 
mental proof. 
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DESCRIPTION OF PLATE 
Plate 31 

The drawings of selected nuclei were made wth camera lucida at a magnifica- 
tion of 2400 diameters. Nuclear material, which was acidophilic and colored red 
in the original stained preparations, is represented in shades of gray and baso- 
philic material, which was blue, in black or very dark gray. 

Fig. I. Canada porcupine. Convoluted tubule. A little acidophilic material is 
shown near the nucleolus. 

Fig. 2. Slraw necked ibis. Convoluted tubule, Sh'ghtly more acidophilic ma- 
terial. Nucleolus with an acidopliih'c core. 

Fig. 3. Mongoose lemur. Convoluted tubule. Type B inclusion. 

Fig. 4. Rhesus macaque. Convoluted tubule. Type B inclusion; basophilic 
chromatin not marginated, just pushed aside; nuclear hypertrophy. 

Fig. 5. Prairie dog. Convoluted tubule. Marginal clumping of chromatin with 
central basophilic granules. 

Fig. 6. Red kangaroo. Convoluted tubule. Margination of basophilic chromatin 
alone without inclusion formation. 

Fig. 7. Cmicr's toucan. Convoluted tubule. Type B inclusion surrounded by a 
distinct halo. 

Fig. 8. Cuvier's toucan. Convoluted tubule. Small type B inclusion with 
marked nuclear hypertrophy. 

Figs. 9-10. Qualemalan amazon. iJNo. J0240). Convoluted tubule. Two stages 
in development of type A inclusions leading to complete margination of 
basophilic chromatin. 

Figs, 11-13. Guatemalan amazon {No. 10602). Convoluted tubule. A further 
stage in inclusion formation (ii). Coalescence of acidophilic inclusion par- 
ticles in a shrunken and a hypertrophied nucleus (12 and 13). 

Figs. 14 and 15. Same, Type B inclusions in epithelial cells of the lung. 

Fig. 16. Yellow fronted amazon. Convoluted tubule. Nucleolar h3pertrophy. 
Fig. 17. Black crested cockatoo. Convoluted tubule. Type A inclusion with mar- 
gination of basophilic nuclear chromatin. 

Fig. 18. Wonga Wonga pigeon. Convoluted tubule. Nuclear hypertrophy. 

Fig. 19. Same. Convoluted tubule. Nucleolar hypertrophy. Atypical crystal- 
line acidophilic inclusion in a large clear area. 

Fig, 20. Marsh hawk. Collecting tubule. Large type B inclusion staining also 
with basic dyes. Nuclear hypertrophy. 

Fig. 21. Ceropsis goose. Convoluted tubule. Several types of B inclusions. 






LESIONS OF THE CORONARY ARTERIES AND THEIR 
BRANCHES IN RHEUMATIC FEVER* 

Louis Gross, M.D., M. A. Kugel, M.D., and E. Z. Epstein, M.D. 

{From the Laboratories of the Mount Sinai Hospital, New York, N. F.) 

Karsner and Bayless’ ^ very comprehensive analysis of the litera- 
ture dealing with vascular disease occurring during the course of 
rheumatic fever has made it unnecessary to present a lengthy re- 
view of this subject. With the exception of the observations made 
by BouiUaud^’® in 1835 and 1840, studies in this field were ex- 
tremely vague until the latter part of the nineteenth century. This 
vagueness was due to the fact that the clinical and anatomical con- 
cepts concerning rheumatic fever were, for the most part, extremely 
iU-defined and that the scattered reports on vascular complications 
were generally based solely on clinical observations. 

In spite of Bouillaud’s reports, half a century elapsed before 
Krehl ^ laid the basis for our modern concept of the relation of rheu- 
matic fever to coronary artery disease. In this amazingly complete 
report entitled “Beitrag zur Pathologie der Herzklappenfehler” 
Krehl foreshadowed much of the important recent work on the in- 
terstitial, often perivascular, lesions now known as Aschoff bodies, 
predicted the important relation of these lesions to the clinical con- 
ception of heart failure in rheumatic fever, and made the further 
contribution that in this disease arteriosclerotic changes occur in 
the larger vessels, with thickenings, infiltrations and intimal pro- 
liferations in the walls of smaller vessels. 

The name of Romberg ® must inevitably be linked with these 
earlier anatomical investigations on rheumatic fever. In 1894 this 
observer elaborated on Krehl’s descriptions of coronary artery 
lesions, adding original observations on the occurrence of a diffuse 
hyaline thrombosis of the smaller arterioles and on the presence of 
a periarteritis involving a middle sized coronary artery. Since the 
beginning of the twentieth century many notable contributions have 
been made in this field, chiefly by Rabe,® Aschoff,^ Barie,® Aschoff 
and Tawara,® Geipel,^®’ “ Coombs,^^’ Gerhardt,^® Takayasu,^® 

* Aided by a grant from the Lucius N. Littauer Foundation. 
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Douglas/' Thalhimer and Rothschild/® Fahr/® Watjen/® Wiesel/' 
Swift/^ MacCallum,^®' pappenheimer and VonGIahn/“ Shaw/® 
Talalajew,^ Perry/® Klinge/®"®^ and Karsner and Bayless.^ These 
workers confirmed the reports of Krehl and Romberg and added a 
number of new observations on a variety of lesions occurring in the 
coronary tree in this disease * With very few exceptions these lesions 
were not considered specific of rheumatic fever. On the contrary, 
many of them were lield to be similar to those found in other toxic 
and infectious diseases and in exanthemas (Martin/® Landouzy 
and Siredey/^’®®Huguenin/®Hanot/^ Cowan/® Wiesel/® Wiesner^®). 

While the above mentioned contributions cover a variety of lesions 
which can be observed in the coronary arteries and their branches 
in the course of rheumatic fever, many of the reports are based on 
the observation of very few cases, at times on isolated instances. 
Furthermore, it appears that no systematic attempt has been made 
to study in detail all the lesions occurring in the active and inactive 
cases of rheumatic fever on a sufficiently large and representative 
material from which it might be possible to obtain statistical data 
on their incidence. The exhaustive study by Karsner and Bayless 
was undertaken from a different angle. These authors concerned 
themselves with the incidence of various progressive, retrogressive 
and inflammatory processes in the coronary tree as a whole, rather 
than with a description of the individual vascular lesions as they 
occur in different parts of the coronary system. Furthermore, their 
studies are confined to the incidence of these phenomena in active 
rheumatic cases and in normal controls. In this report we propose 
to classify and describe a number of distinctive vascular lesions 
found in active as well as inactive cases of rheumatic fever. Con- 
sideration will be given to the type of vessel involved and to the 
incidence of the lesions in various sites in the heart. Since some of 
these lesions are also found in normal control cases, statistical com- 
parisons will be made with these. 

The study is based on an examination of loo hearts, 66 of which 
were from cases of acute rheumatic fever with Aschoff bodies in 
the myocardium and presenting the evidences of activity as outlined 
by Rothschild, Kugel and Gross in a recent publication. The 

* Since submitting this manuscript for publication a report has been pubh’shed in 
■which several additional vascular lesions of the coronary branches are described. 

Fraser, A. D. Coronary endarteritis in acute rheumatism. Arch. Dis. Childhood, 

1934) 9 > 267-276. 
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remaining 34 hearts were from inactive cases presenting the typical 
anatomical evidences of inactive rheumatic fever, viz. the character- 
istic valvular deformities with or without evidence of old auricular 
lesions, but without the presence histologically of swollen collagen, 
inflammatory ceUs, Aschoff bodies or fibrinous pericarditis. Fifty 
carefully studied normal * hearts, representing age periods from 
birth to the ninth decade, served as a baseline to establish devia- 
tions from the normal. The findings in this control series have been 
published elsewhere (Gross, Epstein and Kugel^). The hearts were 
generally fixed in 10 per cent neutral formol-saline.f For routine 
studies the standardized sections of Gross, Antopol and Sacks 
were cut and stained with hematoxylin and eosin and with Weigert’s 
elastic and Van Gieson’s connective tissue stains. At times, Mal- 
lory’s phosphotungstic acid hematoxylin, Weigert’s fibrin method 
and Masson’s trichrome stains were employed. The studies on the 
main coronary arteries were made on blocks removed from the left 
circumflex coronary artery i cm. from its ostium, from the left 
anterior descending branch 2 cm. from the ostirnn of the left cir- 
cumflex coronary artery, and from the right circumflex coronary 
artery i cm. from its ostium. 

In this report the vascular lesions of the main coronary arteries 
and their myocardial branches will be described and statistical data 
which concern only these vessels wiU be presented. Brief mention 
will also be made of the vascular lesions in the valves, and of the 
lesions in the roots of the pulmonary artery and aorta, together with 
the vascular lesions found in the pericardial sheaths surrounding 
these structures, but these will not be included in the statistical 
data. Studies in this field will be published in separate reports. 

The lesions of the coronary artery tree found in active and inactive 
rheumatic fever can be divided into two categories. (A) Evolu- 
tionary changes also foiind in normal control cases. It will be shown 
that these normally occurring vascular lesions assume considerable 
significance in rheumatic fever because of their much more rapid 
and considerably earlier development in this disease. (B) Lesions 
occurring either uncommonly, or never, in normal control cases. It is 

* In the selection of this material, diseases that were likely to implicate the coronary 
vessels were excluded, as were those hearts that showed obviously diseased coronary 
arteries on gross inspection. 

t Solution of formaldehyde U. S. P. lo parts, i per cent sodium chloride solution 
90 parts. This solution is rendered neutral with a weak alkali. 
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not our purpose to Jay claim to specificity for any of tlie lesions falling 
into this category. In order to do so it would be necessary to study 
extensively the coronary arteries and their branches in other in- 
flammatory lesions of the heart and in febrile diseases. It is our 
impression, nevertheless, that many of the vascular diseases falling 
into this second category are so peculiar and so rarely met with in 
other diseases that their presence should lead to a strong suspicion 
of rheumatic fever in its active stages. 

This report will be further subdivided into a description of the 
lesions due to rheumatic fever as they occur in the myocardial 
arteries * and into those found in the main coronary trunks. For 
purposes of clarity we shall first present seriatim a description of 
each lesion with a discussion of the incidence and sites of predilec- 
tion. This %vill be followed by a discussion of these lesions considered 
from the point of view of their occurrence in active and quiescent 
rheumatic fever. 

Lesions of the Myocardial Arteries in Rheibiatic Fever 

(A) Evolutionary Changes also Found in Normal Control Cases 
I. Inlimal Elastificalion 

By this term is meant a conspicuous increase in the intimal elastic 
membranes, irrespective of the cause of this increase. Thus, it may 
be the result of elastic-hyperplastic proliferation; it may follow 
the development of fibroblastic proliferation; or it may occur con- 
comitantly with the evolution of the musculo-elastic layer. Elasti- 
fication involving the intima of the myocardial arteries (Fig. i) has 
been shown by us to become fairly prominent during the third 
decade of life in normal control cases. At this age period it is seen 
with some regularity in the left posterior papillary muscle where 
the lesion eventually develops into its most advanced form. It oc- 
curs later, less consistently and less markedly, in the posterior wall 
of the left ventricle and in the interventricular septum. In these 
sites the lesion becomes prominent during the fifth decade. It occurs 
with great rarity in the auricular walls and the pulmonary conus. 
In the inactive rheumatic cases there does not seem to be a conspicu- 
ous increase in the incidence of this vessel lesion. In the active 

* The coronary artery branches within the myocardium. 
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caseS; however, the lesion occurs at times as early as during the 
fifth year of life and, in contrast to the normal controls, it may be 
seen in the pulmonary conus and the auricular myocardium. In 
the latter, even the arterioles may develop a thickening of the lameUa 
elastica interna and become surrounded by a fairly dense elastic 
mantle (Fig, 2). This represents, therefore, a remarkable increase 
in the tempo of development of this normally occurring evolutionary 
vascular change. Be^ning with the latter half of the first decade, 
intimal elastification can be found in almost every case of active 
rheumatic infection. 

2. Medial Elastijicaiion 

The same remarks apply to the vascular lesion that we have 
termed “medial elastification” (Fig. 3). In a previous report^ we 
have shown that this lesion, which consists of the development of 
elastic membranes between the medial cells, does not become 
prominent until the middle of the third decade, when it is found 
with great regularity in the left posterior papillary muscle. As with 
the previously described vascular lesion, it does not appear with any 
degree of regularity in the posterior wall of the left ventricle and in 
the interventricular septum until the fifth decade of life. It is 
rarely found in the auricular myocardium or pulmonary conus. 
The appearance of this medial elastification in the active cases of 
rheumatic fever is of considerable interest, not only because of the 
extremely early age periods during which it may be found in this 
condition (4I years), but also because of its widespread distribu- 
tion and frequency of occurrence in the left posterior papillary 
muscle and interventricular septum in these early age periods. It is 
generally found in the posterior wall of the left ventricle from the 
beginning of the third decade on. It occurs rather infrequently and 
later in. the auricles and pulmonary conus. As in the previously de- 
scribed lesion, there is no significant difference in the incidence of 
this lesion as between the inactive cases and the normal control 
series. 

5. Fihro-Elastijication 

This is a term which we have applied to the fusion of the elastic- 
hyperplastic intima with a heavily elastified media. Simultaneously, 
there generally takes place a disappearance of smooth muscle with 
replacement by connective tissue. The resulting picture is one of 
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complete metamorphosis of the vessel in which the predominating 
features are fibrosis and elastification with or without the presence 
of irregular islands of smooth muscle tissue. The latter in turn may 
represent remains of the media or of the smooth muscle intimal layer 
(musculo-elastic layer). In its more marked form the topography 
of the vessel is markedly distorted (Fig. 4), the elastic membranes 
are irregularly thickened, frayed and ruptured, and present a very 
bizarre appearance. From the beginning of the third decade on, this 
type of lesion is found witli great frequency in normal controls in the 
left posterior papillary muscle, and somewhat less regularly in the in- 
terventricular septum from the beginning of the fifth decade on. It 
occurs in exceptional instances in the posterior wall of the left ven- 
tricle in the later decades and is rare or absent in the other cardiac 
sites. It is found somewhat earlier but not frequently in inactive 
rheumatic cases in the left posterior papillary muscle, interventric- 
ular septum and the posterior wall of the left ventricle. It has been 
observed involving vessels of the interventricular septum at the age 
of 15 and has also been seen rather infrequently in the pulmonaiy 
conus. It has not been observed in the auricular myocardium in our 
inactive rheumatic material. In sharp contrast to this, however, is 
the appearance of this lesion in the active rheumatic cases where 
it has been seen as early as the age of 4^- years in the left posterior 
papillary muscle. It appears with greater regularity at about the 
age of 15 years. From the age of 20 years on it is seen quite promi- 
nently and almost invariably in the left posterior papillary muscle 
and in the interventricular septum. The lesion has also been seen 
in these active cases, though infrequently, in the pulmonary conus. 
It has not been observed in the auricular myocardium. It is the ap- 
pearance of this very conspicuous, normally occurring lesion several 
decades earlier than is to be expected, which best exemplifies the 
influence of rheumatic fever in hastening normal evolutionary 
vascular changes. 

4. Adventitial Fibrosis 

This lesion, which Wild ^ has recently emphasized in connection 
with rheumatic fever, consists of the development of a dense, wide, 
adventitial sheath. The vessel wall is seen surrounded by a con- 
spicuous circular or oval zone of fibro-elastic tissue which may merge 
with neighboring scar tissue. Adventitial fibrosis is seen not in- 
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frequently in the active cases and very frequently in the inactive 
cases. It is generally difficult to distinguish it from unusually wide 
adventitial layers observed in control cases. However, in rheu- 
matic fever, particularly in the inactive stages, it is found in con- 
siderably earlier age periods where it may be quite extensive. The 
sites of predilection are the left posterior papillary muscle and the 
interventricular septum. It occurs with lesser frequency in the 
posterior wall of the left ventricle. 

(B) Lesions Occurring either Uncommonly or Never in Normal 

Control Cases 

5. Medial Glassy Hypertrophy 

In approximately half of the active cases of rheumatic fever, one 
encounters in the smaller myocardial arteries and in the arterioles, 
practically throughout the heart, a swelling of the smooth muscle 
cells which take on a glassy appearance and present rather indis- 
tinct outhnes of the cell walls (Fig. 5). The nuclei tend to occur in 
clusters and become somewhat rounded. The nuclear membrane 
and chromatin particles are quite sharp and distinct. This lesion is 
extremely uncommon in the inactive cases. It is rare in the control 
cases but has been noted repeatedly in other inflammatory diseases 
in the myocardium and in febrile conditions. It is obviously non- 
specific and is an evidence of an irritative process. There does not 
appear to be any special site of predilection for this lesion. 

6. Medial Hypertrophy 

This is an extremely imcommon lesion in normal controls where 
a hypertension, past or present, caii safely be ruled out. It is rep- 
resented by very obvious thickening of the vessel wall, due to an 
increase in the number and size of the smooth muscle cells. The 
lesion occurs very rarely in the inactive cases. It is one of the most 
frequent findings in the active cases and is seen particularly promi- 
nently in the retro-aortic myo-epicardial auricular wedge.* It occurs 
less frequently in the posterior wall of the left ventricle and in the 
interventricular septum. Hypertrophied vessels of this type are also 
frequently found near the septum fibrosum, in the pericardial tissue 

* A. M. V. section of the standardized blocks. 
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close to the auriciiloventricular groove, in thickened rheumatic 
valves and in the subaortic angle. Of interest is the fact that in the 
active cases this vascular lesion occurs \vith almost the same fre- 
quency in young (17 months) and old. 

7. hilimal Fibrosis 

One of the most frequently occurring coronary vascular lesions in 
rheumatic fever, confined largely to the active cases, is a thickening 
of the intima due to fibroblastic proliferation (Fig, 6). While intimal 
fibro-elastic changes are frequently encountered in the normal con- 
trol series, particularly in the later age periods, the development of a 
clean-cut concentric or eccentric widening of the intimal layer by a 
zone of non-elastified connective tissue has not been found in these 
controls. In active rheumatic infection this lesion is distributed, 
though somewhat irregularly, throughout the myocardium. Its 
site of predilection is the left posterior papillary muscle, where it is 
foimd quite regularly, even in the earliest age periods. The lesion 
apparently occurs quite rapidly in active rheumatic fever. As a 
consequence, it may be observed in those vessels that have not 
as yet developed elastic-hyperplastic changes. Undoubtedly this 
fibroblastic layer eventually becomes elastified. Indeed, it seems 
reasonable to assume that intimal fibrosis is not infrequently the 
precursor of intimal elastification in cases of rheumatic infection. 
Since it occurs even in the youngest cases it may account for the 
early development of intimal elastic changes in these cases. The 
fibrosis is not infrequently eccentric and may lead to marked nar- 
rowing of the vessel. Superimposed on this fibrotic intima one may 
at times observe a swelling and profiferation of the endothelial cells. 

Intimal fibrosis may be superimposed on intimal elastification. 
In such cases there develops internally to the innermost intimal 
elastic lamella a distinct zone of varying width consisting of collagen 
and connective tissue cells (Fig. 7). The layer is in turn lined by 
endothelium. This rather sharp lamination of the intima by elastic 
and fibrotic zones suggests that they are the results of older and more 
recent rheumatic bouts. 
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8 . Giant Medial Hypertrophy with Metallaxis 

This lesion is represented by a conspicuously and unusually florid 
hypertrophy of the media (Fig. 8) . The cells are generally somewhat 
irregularly arranged (metallaxis) and may or may not present dis- 
continuous elastic membranes between them when these are pres- 
ent. The chief differences between what we have termed “giant 
medial hypertrophy with metallaxis” and the lesion described under 
the term “medial hypertrophy” lie in the considerably greater ex- 
tent of the hypertrophy, the irregularity in the planes of the muscle 
fibers, the frequently irregular distribution of the elastic membranes 
when present, the occasionally vague and bizarre appearance of the 
inner aspect of the adventitial layers, and frequently in the presence 
of edematous spaces between the medial smooth muscle cells. A 
lesion somewhat resembling giant medial hypertrophy was seen in 
the left posterior papillary muscle and in the interventricular septum 
in only 2 out of the 50 normal control cases at the ages of 23 and 45 
years respectively. In the inactive rheumatic cases it was not found. 
On the other hand, the lesion was observed in 8 of the 66 active 
cases, generally in the retro-aortic myo-epicardial auricular wedge, 
where it has been found as early as at the age of 3I years. It is 
found with greater frequency in the pericardial sheath surrounding 
the root of the pulmonary artery but, as has been indicated, in this 
report the vessels in tliis site will be considered separately from the 
myocardial arteries proper. Because of the infrequency of this ves- 
sel lesion in the control group, it seems best to include it in the sec- 
ond large group of our classification. 

p. Medial Edema 

Besides the “giant medial hypertrophy with metallaxis,” several 
other vascular lesions, especially the arteritides, and particularly 
those associated with necrotization iyide infra), showed a conspicu- 
ous edema of the media (Figs, ii, 16, 23, 24, 25, 26, 28). If one 
bears in mind the artifacts created by tissue fixation, genuine edema 
of the media is relatively infrequently encountered. It occurs some- 
what more often in the main coronary arteries. This will be discussed 
further. Incidentally, a cross-section of the intimal musculo-elastic 
hyperplastic lesion gives the impression of the “etat reticulaire” of 
the media quoted by Karsner and Bayless. Longitudinal sections 
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of such vessels stained for elastic tissue disclose that the reticular 
appearance is due to intimal longitudinal smooth muscle cells which 
may be hypertrophied, somewhat swollen and pale staining. 

10. Arteritis {Exudative and Necrotizing 

Under the term “arteritis” there is considered definite inflamma- 
tory infiltration of the vessel wall with or without necrosis, and wth- 
out the distinctive histological features that characterize the 
special forms to be described. The lesions vary from a relatively 
mild infiltration of one of the main layers of the artery with lympho- 
cytes and the presence of edema, to an active destructive infiltra- 
tion with polymorphonuclear leukocytes (Fig. 9), plasma cells and, 
at times, basophilic cells characteristic of the Aschoff body. As 
noted by VonGlahn and Pappenheimer,'*'' many of the wandering 
cells are oriented in the direction of the lumen. Fibrinoid swelling 
of the collagen may be present. The lesion may be so extensive and 
destructive and the media may undergo such conspicuous necrosis 
that a picture is produced which is indistinguishable from the 
necrotizing arteritis of so-called polyarteritis nodosa. Together 
with these inflammatory and destructive phenomena there may be 
seen irregular proliferations of the intimal endothelium or of the 
mesenchymal tissue lying beneath the endothelium. These cells 
may be arranged in palisade form and the internal and external 
elastic membranes may assume a glassy swollen appearance or be- 
come ruptured and disappear. Thrombi have been observed within 
the lumens of such actively inflamed vessels. 

There does not appear to be any advantage in subdividing the 
various grades of exudative and necrotizing arteritis occurring in 
rheumatic fever. While arteritis of this type was never found in the 
inactive cases, it was observed in ii of the 66 active cases examined, 
where it occurred chiefly in the interventricular septum with about 
an equal distribution in the other cardiac sites. In 4 of these cases 
(reported in detail by Friedberg and Gross'**^), the lesions were so 
extensive and associated with such definite involvement of the ves- 
sels elsewhere in the body that the cases were considered polyarteri- 
tis nodosa associated with rheumatic fever. 

Apart from these ii cases presenting various forms of exudative 
and necrotizing arteritis in the myocardial arteries, 8 additional 
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cases displayed the special forms of arteritis to be described (mde 
infra). Of tliis total of 19 cases, 8 also presented inflammatory 
phenomena in the main coronary arteries. In 2 additional cases 
the inflammatory lesions were confined to the main coronary arteries. 
In I additional case a fibrinoid necrosis of the coronary vein was 
noted, and in i other a verrucous endophlebitis associated with 
inflammatory lesions of the myocardial arteries. These figures on 
the incidence of the lesions in the veins are undoubtedly too low, 
since no systematic study was made of the venous system. Disre- 
garding the latter, therefore, it would appear that 33 per cent (22 
out of 66 cases) of the active cases presented some form of arteritis 
in the arterial tree of the heart. It should be noted that this figure 
is also exclusive of the inflammatory lesions in the pulmonary artery 
and aorta. 

Ji. SubendoiJielial Hemorrhagic Arteritis 

This corresponds to one of the vascular lesions described by Von 
Glahn and Pappenheimer as occurring in a variety of tissues in- 
cluding the aortic valve. It consists essentially of a hemorrhage 
beneath an otherwise intact, sometimes swollen endothelium, rais- 
ing it away from the vessel wall (Fig. 10) . The lumen may contain 
a hyaline thrombus and the waU show moderate infiltration -with 
inflammatory ceils. This lesion was not encountered in the normal 
controls or in the inactive cases. It was found in 4 active cases (in 
2 it occurred in the retro-aortic myo-epicardial auricular wedge) and 
may possibly represent a specific lesion of rheumatic fever. 

12. Net-Like Fibrinous Thrombosis Affecting Small 
Myocardial Arteries 

This is another vascular lesion described by the above mentioned 
authors as occurring in the small peripheral arterioles and capil- 
laries, and considered by them specific of rheumatic fever. As ob- 
served by them in a variety of organs, it is “characterized by the 
exudation of fibrin into and about the vessel, by destructive changes 
in the cellular components of the vessel waU, by a distinctive cellular 
reaction in the adjacent tissue and by the absence of thrombosis. 
These acute lesions are followed by organization with or without 
formation of new collateral channels within the thickened intima 
and occasionally -within the muscular layer?’ A somewhat similar 
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lesion was noted by them about a small capillary in the heart. The 
vessel over a small area was surrounded by a mass of fibrin which 
infiltrated the surrounding tissue. At the margin of the fibrin there 
\vere many Aschoff cells and a few polymorphonuclear leukocytes. 
The lumen was not occluded by thrombus and the endothelium was 
intact. 

We observed this lesion in the retro-aortic myo-epicardial wedge 
of the right auricle in i case. Here, the inflammatory phenomena 
in the wall of the vessel and within the periadventitial tissue v/ere 
limited in their extent. The most characteristic feature was a net- 
like formation of fibrin within the lumen of the vessel (Fig. ii), thus 
differing from the typical blood platelet thrombus. As noted by 
VonGlahn and Pappenheimer, in the organization of this lesion the 
fibrin network is apparently displaced by connective tissue vith the 
formation of a cavernous tjpe of canalization. 

13. Endarteritis Verrucosa 

In 1924 and 1926, Holsti'*'*^* described peculiar proliferative 
lesions occurring as finger-like processes -within the vessel lumens of 
tonsils and the gastro-intestinal tract in “ arthro-nephro-cardiop- 
athies.” Under the title “arteriitis verrucosa,” Holsti described 
the mechanism of their formation as being either primary, represent- 
ing a vascular lesion siii generis, or secondary to such vascular 
changes as lead to a thrombosis. The term “endarteritis verru- 
cosa,” as employed by us, refers to the formation of typical endarte- 
rial verrucae probably identical -with those seen on active rheumatic 
valves (Fig. 12). While the material available for study of this 
lesion was too limited to permit an exhaustive investigation of the 
mechanism of its formation, it would appear that a fibrinoid necrosis 
of the intimal layers of the vessel -with fusion of the various histo- 
logical elements may be followed by, or associated -with, deposition 
of blood platelet thrombi. This eventually leads to organization. 
If. the original verrucous lesion is large and polypoid, the organized 
plug is eventually represented by a finger-h'ke connective tissue 
process -within the lumen of the vessel — a lesion which we shall 
refer to as “endarteritis polyposa.” The organized verrucous plug 
may be attached to the vessel wall at several points, producing a 
canalization of the lumen. Thus, it -will be seen that this lesion oc- 



LESIONS OF CORONARY ARTERIES IN RHEUMATIC FEVER 265 

cupies an intermediate position between necrotizing arteritis on the 
one hand and intravascular thrombosis on the other. Typical 
endarteritis verrucosa was found in the myocardial arteries only 
in 2 active cases, where the individuals were 4I and 10 years old re- 
spectively. There was no special site of predilection. In addition, it 
was seen in the left anterior descending coronary branch in i case. 

14. Gi'amdar Plugged Vessels 

This lesion bears a superficial resemblance to the early stages of 
endarteritis verrucosa and polyposa. In its typical form it consists 
of a spherical, oval or lobated, finely granular mass which partially 
or completely occludes the lumen of the vessel (Fig. 13). It is gen- 
erally covered by a somewhat swollen endothehum and frequently 
contains several nuclear ghosts within its substance. It would ap- 
pear that the lesion is produced by prohferation of vascular endothe- 
lium with swelhng and granular transformation of the protoplasm, 
fusion of the cells and degeneration of the nuclei, a process described 
as occurring in atypical verrucous endocarditis (Gross®®). In the 
healing of these granular masses organization takes place with re- 
placement by connective tissue. The end result may therefore be 
a parietally situated fibrous plug within the lumen of the vessel, 
a centrally situated pol3q)oid mass, in which stage it is classified as 
endarteritis polyposa, or a canalization of the lumen. Granular 
plugging of the myocardial arteries was observed in only 3 active 
cases, where the individuals were 15, 25 and 38 years respectively. 
The site of predilection appeared to be the interventricular septum. 
One of the cases (age 25 years) showed, in addition, an extensive 
and alrdost completely occluding granular plugging of the left cir- 
cumflex coronary artery (Fig. 28). 

15. Thrombosis 

Thrombosis of myocardial arteries directly attributable to rheu- 
matic injury of the vessel rather than to a primary or secondary 
sclerotic vascular damage was seen in only 4 active cases. Three of 
these (age 7I, 10 and 30 years) were associated with a marked 
necrotizing arteritis (polyarteritis nodosa). In one of these (age 
7I years), there was also present a thrombosis of the left circumflex 
coronary artery. In the fourth case (age 17 months), also asso- 
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ciatcd with an arteritis (but not of the necrotizing type), large 
branches of the left circumflex coronary artery showed the presence 
of occluding typical blood platelet thrombi and there was present 
extensive myocardial infarction. This case also presented a throm- 
bosis of the main left circumflex coronary trunk (Fig. 27). While 
on this subject, it is pertinent to mention that red blood cells and 
sometimes fibrin plugs are not infrequently encountered occupying 
the lumens of various small coronary vessels in active rheumatic 
fever. While it is at times tempting to call these thrombi, we have 
reserved this designation for the typical layered blood platelet 
intravascular collections which definitely are of inlra. vitam forma- 
tion and which are partially or completely occluding and generally 
associated with myocardial infarction of various degrees. As in the 
case of endarteritis verrucosa, organization of typical thrombi re- 
sults either in parietally or centrally situated, partially or com- 
pletely occluding connective tissue plugs, or, polypoid masses may 
be formed within the lumen of the vessel, or finally, canalization 
may take place. 

16. Canalized Vessels 

It was already mentioned that the healed lesions following net- 
like thrombosis, endarteritis verrucosa, granular plugging of vessels 
and thrombosis may be represented by a canalization of the vessel 
lumen (Figs. 13, 14). As a consequence, these lesions have been 
found only in the active cases and occur somewhat less frequently 
than the corresponding lesions which produce them. These canalized 
vascular lesions have also been observed in atypical verrucous en- 
docarditis (Gross 


17. Endarteritis Polyposa 

As has already been indicated, this term is applied to the end 
stages of a variety of lesions. It consists of a polypoid or finger-like 
plug of organized or organizing connective tissue which is situated 
within the lumen of a vessel and is separated from the vessel wall 
throughout its greater extent (Fig. 15). It may result from endarteri- 
tis verrucosa, granular plugging or genuine thrombosis. It was ob- 
served only in 3 active cases where the individuals were 17 months, 
10 years and 38 years respectively. 
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18. Aschoff Bodies Associated with Blood Vessels 

The frequent, but by no means invariable, proximity of Aschoff 
bodies to blood vessels has been repeatedly emphasized. These may 
assume a very intimate relation to the vessel wall. In rare instances 
other observers have noted an apparent compression of the vessel 
lumen by this lesion. Karsner and Bayless believe that this com- 
pression has httle if any influence on the circulation within. Rather 
infrequently, irregular basopliilic cells, somewhat resembhng those 
of the Aschoff body, are found within the media. It is very Hkely 
that in many cases these represent merely hypertrophied and some- 
what altered medial smooth muscle cells. As already mentioned, 
eventual transformation of the Aschoff body into connective tissue 
scar undoubted!}?- accounts for most of the adventitial scarring. 

ip. Intimal Musculo-Ela-stic Hyperplastic Lesion 

While the development of smooth muscle cells within the elastic- 
h3q)erplastic layers of the intima is a normal evolutionary process, 
the cells are relatively few in number, seldom attain more than one 
or two layers in thickness and are generally somewhat irregularly 
distributed. Moreover, the elastic-hyperplastic changes are not 
infrequently more conspicuous than the smooth muscle elements. 
In distinct contrast to this is the “intimal musculo-elastic hyper- 
plastic lesion.” This is one of the most characteristic vessel lesions 
seen in rheumatic fever and consists of the development of numerous 
layers of longitudinal smooth muscle cells which lie internally to the 
lamella elastica interna and are covered by a generally swollen, 
sometimes raised endothehum (Fig. 16). These smooth muscle cells 
frequently show mantles of elastic tissue which, on cross-section, 
present a honeycombed appearance. This intimal musculo-elastic 
zone is generally concentrically placed, may be eccentric (Fig. 17) 
and is often so extensive as to occlude almost completely the vessel 
wall. In some instances, the smooth muscle cells are very large and 
pale staining. 

As -with other intimal vascular changes in rheumatic infection, the 
end state of the intimal musculo-elastic hyperplastic lesion appears 
to be an elastification (Fig. 18). This consists of a conspicuous in- 
crease of elastic tissue which, together with connective tissue, even- 
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tually replaces the smooth muscle elements. At times, the intima 
contains several, irregular, laminated layers of musculo-elastic tissue 
separated by heavier elastic membranes (Fig. 19). Such lesions 
suggest the possibility that these layers represent repeated attacks 
of rheumatic fever. 

The development of a somewhat similar musculo-elastic hyper- 
plastic layer, but in considerably abbreviated form with the smooth 
muscle cells rather irregularly arranged, has been seen in one of our 
normal hearts at the age of 47, and in one at the age of 65 years. 
Both occurred in the posterior wall of the left ventricle. In one other 
case, aged 9 months, a vessel of this type was seen in the pericardial 
sheath surrounding the pulmonary artery. In the inactive rheu- 
matic cases the lesion was seen once in the interventricular septum in 
a patient aged 26, once in the retro-aortic myo-epicardial auricular 
wedge in a patient aged 68, and once in the aortic pericardial mantle 
in a patient aged 30 years. In the active rheumatic group it was 
seen in approximately hah of the cases. Its distribution was chiefly 
in the retro-aortic myo-epicardial auricular wedge and in the region 
of the septum fibrosum, including the posterior portion of the in- 
terauricular septum. The next most frequently involved site was 
the pericardial sheath surrounding the pulmonary artery. The 
lesion was least frequently seen in the posterior wall of the left ven- 
tricle, in the left posterior papUlary muscle, pulmonary conus and 
interventricular septum. Apart from these myocardial sites this 
lesion is found in the subaortic angle and in thickened rheumatic 
valves, where it occurs with considerable frequency. 

The occurrence of these intimal musculo-elastic lesions in greater 
munbers and in exaggerated form is so highly characteristic that, 
with the possible exception of S)q)hilis, in which a somewhat similar 
lesion has occasionally been observed, their presence is highly sug- 
gestive of active rheumatic involvement. This is particularly true 
when the intimal musculo-elastic hyperplastic lesions, together with 
others which have been described above, are found in the left auric- 
ular myo-epicardial wedge (Fig. 20) and in the region of the septum 
fibrosum, including the conduction system. 

Lesions oe the Pulmonary Artery and Aorta 

Besides the above mentioned findings, various inflammatory 
lesions, vascularization and scarring, occur with remarkable regu- 
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larity in the pulmonary artery and aorta in both the active and in- 
active cases. This will be taken up in a separate report. It is note- 
worthy, however, that in the pericardial sheath behind these vessels 
one very frequently encounters medial hypertrophy, giant medial 
hypertrophy with metallaxis and intimal musculo-elastic h3q)er- 
plastic lesions. These are seen with conspicuous frequency in the 
active cases and form a characteristic part of the picture presented 
by blood vessels in rheumatic fever. 

In presenting the above mentioned findings we have deliberately 
avoided including in our statistical data the vessel lesions found 
within the valves, subaortic angle and subendocardium. These are 
generally of the medial h3rpertrophied, giant medial hypertrophied, 
intimal musculo-elastic hyperplastic and thickened granulation tis- 
sue capillary types. By themselves, they form conspicuous vascular 
lesions, but inasmuch as they represent, in our opinion, the end 
stages of newly formed vessels, we have not considered it justifiable 
to include them in the group of vascular lesions affecting the pre- 
existing coronary arteries and their branches. 

Lesions in the Main Coronary Arteries Due to 
Rheumatic Fever 

Inactive Cases 

We have already shown ^ that in normal control cases all three 
layers of the coronary arteries undergo a series of evolutionary 
changes which present considerable variations, not only during the 
various age periods but also in individual cases. It appears that the 
rate of development of these changes may vary markedly from in- 
dividual to individual. It is, as a consequence, extremely difiicult 
to determine whether the main coronary arteries display these 
changes in a given case in a more marked form and earlier, because 
of the rheumatic involvement. It appears, nevertheless, that even 
in inactive rheumatic cases there is a tendency toward an earlier 
development of heavy intimal elastic-hyperplastic and fibrotic 
layers, and for the appearance of heavier elastification and scarring 
of the media. 

The elastic tissue in the media of normal coronary arteries ap- 
pears to increase during the early age periods and decrease there- 
after. Furthermore, while there is a certain amount of cross-weaving 
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of the clastic fibers, they run as a whole parallel to the main axis 
of the lumen. In the inactive rheumatic cases the elastic tissue 
shows a consistent increase in amount from the early age periods on, 
and the direction of the fibers not infrequently shows considerable 
distortion and irregularity, appearing as scattered, heavily elastified 
patches (Fig. 21). This condition is not to be confused with the 
patchy medial elastification appearing under sclerotic intimal 
plaques. Nor is it to be confused with the irregular reticular elasti- 
fied areas found not infrequently in the media of normal coronary 
arteries and associated with the presence in the media of what we 
have termed “intermediary layers.” One of the illustrations in 
the article by Karsner and Bayless appears to represent such a 
normally occurring vascular architectural variant. 

Discontinuities in the medial elastic membranes are not infre- 
quent, particularly after the third decade of life. Before conclud- 
ing that there is present rupture of these membranes in a given case, 
the normally occurring discontinuities should be borne in mind, and 
only when there is present a very obvious disruption of these mem- 
branes in areas which do not contain the “intermediary layers,” 
should this diagnosis be made. Rupture of the medial elastic mem- 
branes is relatively infrequent in the inactive cases. When it occurs 
it is generally associated with scarring. 

Similar remarks apply to scarring of the media. This can be con- 
sidered as of rheumatic origin only in obviously scarred areas 
(larger and more irregular than the normally occurring fibrotic 
mosaic), when they are focal in their distribution and not situated 
directly beneath an arteriosclerotic plaque with lipoid and calcific 
deposition (Fig. 22). Considered along these lines, moderate scar- 
ring and elastification of the media occur either in the left circum- 
flex coronary artery, right circumflex coronary artery, or the left 
anterior descending coronary artery in approximately one-third of 
the inactive cases. It was marked in four of these. There did not 
seem to be a predilection for any one of these three main vessels. 

We have been discouraged in our attempts to evaluate the changes 
in the amount of chromotropic substance to be foimd in the coronary 
arteries. It appeared to us that the technical factors involved, and 
the imcertainty in estimating these changes, rendered such a study 
too much open to criticism. It should be mentioned, however, that 
whereas Karsner and Bayless were unable to demonstrate this sub- 
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stance in the coronary vessels of control cases, they observed it 
frequently in their active rheumatic material. With regard to the 
presence of medial edema it may be said that its occurrence in sites 
not in the immediate vicinity of sclerotic intimal plaques was rather 
infrequent and too ill-defined to permit of reasonably accurate ap- 
praisal. 

It is as well to mention here that we have been rather strict in our 
definition of “fibrinoid change.” Karsner and Bayless define this as 
“an intensely acidophilic substance, arranged in fibrillar fashion, 
sometimes with beading at intersections.” According to this defini- 
tion these authors observed fibrinoid change in many of their con- 
trol cases. However, unless the tissue showed distinct sweUing with 
loss of outhnes and unless the tinctorial alterations were very 
marked, we have not used the term “fibrinoid change.” Wdth this 
somewhat stricter definition in mind, we have not been able to 
demonstrate these changes either in the normal control cases or in 
the inactive cases. 


Active Cases 

While the above mentioned changes are the only ones that we 
have been able to observe in the inactive cases, and we repeat that 
one can offer little more than a suggestion of this increased tempo of 
vascular retrogression, these phenomena seem to occur more fre- 
quently and to appear much earlier in the active cases. Noteworthy 
differences from the former are the greater incidence and extent of 
edema in the media, even in the absence of an arteritis (Fig. 23) ; 
the relative paucity of elastic fibers in the thickened intima, particu- 
larly in the earher age periods, and the presence in a fair number of 
cases of what we have termed “reduplicated intimal layers.” This 
consists in the early stages of a generally loose, somewhat m5csoma- 
tous tissue, covered by endothelium and situated on the innermost 
aspect of the intima (Fig. 24). This layer is seen to be distinctly 
superimposed on the intima proper, and in later stages apparently 
becomes elastified. When present, this reduplicated intimal layer 
may possibly represent one of the results of an attack of rheumatic 
fever. 

The most obvious and distinctive lesions of the main coronary 
arteries which are found only in the active cases are the exudative, 
necrotizing and other peculiar types of arteritis similar to those de- 
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scribed as occurring in the myocardial arteries. These lesions oc- 
curred in 10 of the 66 cases (15 per cent). The exudative lesions con- 
sist of inflammatory involvement of varying grades of intensity, 
generally affecting the media. In some forms there may be seen 
marked edema of the media (Fig. 24) with swelling of the smooth 
muscle fibers, rounding of the nuclei with prominence of the chroma- 
tin, and the presence of inflammatory cells. In other forms of exuda- 
tive arteritis the predominating cell type is the polymorphonuclear 
leukocyte, sometimes the lymphocyte. These cells occur either 
diffusely, sometimes more abundantly seen toward the intimal as- 
pect of the vessel, or are localized in one arc of the circumference of 
the vessel. Ameboid streamers of poljmorphonudear leukocytes 
and monocytes are almost invariably seen. The latter sometimes 
contain fairly large nuclei with rather abundant basophilic c3d;o- 
plasm. Eosinophiles and mast cells arc seen less frequently and 
irregular basophilic cells, somewhat resembling those found in 
Aschoff bodies, are rare. 

Together wth the inflammatory cell accumulations, there was 
sometimes found a fibrinoid swelling of the collagen. Rupture and 
dissolution of the elastic membranes occurred only in the very active 
cases (Fig, 25), particularly in those associated with polyarteritis 
nodosa (Fig. 26). Pictures simulating rupture of the elastic mem- 
branes were occasionally found. Their significance has already been 
discussed under the findings of the main coronary arteries in the 
inactive cases. 

Both in the active and inactive cases, inflammatory cells, generally 
lymphocytes, were not infrequently met with in the adventitial and 
periadventitial layers. In the active cases this was a more frequent 
occurrence, where also polymorphonuclear leukocytes, monocytes 
and, at times, Aschoff bodies were also present. It is of interest 
that these adventitial and periadventitial infiltrations occm even 
in the absence of macroscopic pericarditis. However, even in the 
inactive cases, microscopic pericarditis, i.e. diffuse, rather mild 
lymphocytic infiltrations of the visceral pericardium, occurs with 
great frequency. 

While aU three main coronary trunks, viz. the right circumflex, 
left circumflex and left anterior descending, were seen involved in 
some of these cases, it appears that of the three the lesions were 
foimd with about the same frequency in the left circumflex and 
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left anterior descending trunks, and least often in the right circum- 
flex coronary artery. Apart from the above mentioned forms of 
exudative and necrotizing arteritis (seen in 6 cases), proliferation 
of the intimal endothelial and subendothehal cells with formation 
of palisades was found in the left circumflex coronary artery in i 
case (age 6 years), occluding thrombosis of the left circumflex 
coronary artery (Fig. 27) \vith myocardial infarction in 2 cases 
(age 17! months and 7I years), verrucous endarteritis involving 
the left anterior descending branch in i case (age 9 years), and a 
granular plugged lesion (Fig. 28) almost completely obhterating 
the left circumflex coronary artery in i case (age 25 years). Of great 
importance is the fact that, with the exception of the last mentioned 
lesion, all the inflammatory phenomena found in the main coronary 
vessels in active rheumatic fever occurred during the first 15 years 
of hfe. This affords additional evidence of the extraordinarily dra- 
matic course taken by this disease in the young, a point of perhaps 
some immunological significance. 

Returning to a consideration of the changes in the main coronary 
arteries in active cases, which are similar to those found in inactive, 
as well as in normal control cases, one notes, as mentioned before, 
the development of increased medial elastification (as early as 6| 
years) and a much earlier and considerably advanced tempo in the 
formation of intimal h)^erplasia. An illustration of the latter is a 
case where the individual was 15 years of age, which showed an 
intimal thickening approximately four times the size of the media in 
the right circumflex coronary artery. This process normally appears 
during the fourth decade of life. In another case (age 29 years) the 
left circumflex coronary artery showed an intima ten times the 
thickness of the media, whereas it is generally twice the thickness 
of the media at this age period. A not inconsiderable number of 
cases similar to these mentioned, emphasizes the fact that besides 
active inflammatory and destructive phenomena, rheumatic fever 
induces in the walls of the main coronary arteries a series of pre- 
cocious evolutionary metamorphoses which cannot be differentiated 
from those occurring normally as the result of age. 

Discussion 

Consideration of the lesions described in this report makes it evi- 
dent that both from the point of view of their frequency and of their 
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extent, the coronary arteries and their branches in the heart show 
very marked damage due to rheumatic fever. This damage is very 
vivid and impressive in the active cases. Indeed, it may be so ex- 
tensive that it would be difficult if not hazardous to venture an 
opinion as to whether the vascular or primary myocardial injury 
is the more significant with regard to the fife of the patient. 

In the inactive cases the lesions do not appear to be essentially 
dissimilar from the normally occurring evolutionary age period 
changes. As has been indicated, however, a significant difference 
lies in their somewhat more rapid development. Since these changes, 
both in the myocardial arteries as well as in the main coronary 
branches, merge imperceptibly with wffiat is considered arteriosclero- 
sis, it would appear that in the majority of instances the entire 
vascular damage and its consequences in these inactive cases may 
be attributed to an earlier fibro-elastification of the myocardial 
arteries in rather important sites of the heart (where ischemia is 
more likely to occur) as well as to the earlier appearance of arterio- 
sclerosis in the main coronary trunks. This point of view has been 
recently stressed by Zeek®^ and by Karsner and Bayless.^ 

It has already been mentioned in a previous publication that 
fibro-elastification of vessels, particularly in the interventricular 
septum and posterior -wall of the left ventricle, may be of significance, 
inasmuch as these vessels become transformed into more or less 
passive rigid tubes, little if any subject to vasomotor control. If 
this process should take place so early in life and so rapidly that 
there has been very little opportunity for the development of com- 
pensatory anastomotic channels, the consequences are likely to be 
those following myocardial ischemia. How great a role, if any, this 
mechanism, apart from lesions of the main trunks, may play in ac- 
counting for some of the symptoms of angina pectoris occurring 
in a number of these inactive rheumatic cases, is a matter for con- 
jecture. 

The findings in the main coronary arteries in the inactive cases are, 
however, by no means as strikingly clear-cut as are those in the 
active cases. Here, besides the considerably earlier development of 
intimal hyperplasia (often of a fibrotic type) and medial elastifica- 
tion and scarring, there also occurred in a significant incidence (15 
per cent) a variety of arteritides which are represented by various 
grades of exudative and necrotizing inflammation, by thrombosis, 
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as well as by certain peculiar vascular and intravascular lesions, viz. 
edema, palisade formation, endarteritis verrucosa and granular 
thrombotic lesions. Together with these lesions in the main coronary 
trunks, the smaller vessels distributed throughout the myocardium 
presented similar changes in 19 cases. The total incidence of the 
various types of arteritis occurring in either the main coronary 
trunks, the smaller myocardial vessels or both, was 33 per cent. 
The incidence of these lesions in various cardiac sites in order of 
their frequency was as follows: the interventricular septum, the 
retro-aortic myo-epicardial wedge, particularly in the region of the 
septum fibrosum, the posterior waU of the left ventricle, the left 
posterior papillary muscle and the pulmonary conus. 

Furthermore, in these active cases the myocardial vessels dis- 
played a number of normally occurring evolutionary changes more 
frequently, more extensively, and considerably earlier than those 
found in normal control cases. There was also present a series of 
degenerative, productive and proliferative changes which are either 
uncommonly or never seen in normal cases. The clinical implica- 
tions of such widespread vascular damage are obvious. 

There remains to be discussed the possible relation of the lesions 
occurring in active cases to those found in the inactive cases. An 
examination of the sites of predilection of the lesions occurring in the 
active cases discloses that some of the non-arteritic lesions closely 
parallel the incidence of the lesions found in the inactive cases. This 
suggests a sequential relationship. The observation that other non- 
arteritic lesions occur almost exclusively in the active cases and the 
fact that these were on the whole from considerably younger age 
periods than the group comprising the inactive cases, suggests an 
eventual transformation of these non-arteritic lesions into the types 
seen in the inactive cases. This is probably brought about by a 
process of elastification. The possible relationship which these 
events may bear on an earlier development of an arteriosclerotic 
process has already been discussed. On the other hand, the arteritic 
lesions show little if any parallelism in their sites of predilection 
with the lesions found in the inactive cases. One must conclude 
either that they may heal with little discernible residua or the pa- 
tients affected with such destructive lesions are less likely to reach 
the protracted inactive stages of the disease. 

From the anatomical point of view the realization that there occur 
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in the smaller branches of the coronary arteries many different 
tj^Des of vascular lesions, only four of which are similar to those 
found as normal evolutionary changes, that a number of these are 
active and destructive, and that some are of such unusual appear- 
ance that they possibly represent specific entities, brings to the 
pathologist additional evidence on which to build up the curiously 
complex picture which constitutes the anatomical lesions of rheu- 
matic fever. A consideration of the variety and wide distribution 
of these lesions affords additional support to the belief that the 
heart is the most extensively involved organ in the body in this 
disease. It appears further that the various rheumatic vascular . 
affections of the heart produce their damage during the active as 
well as the inactive stages. During the active states the acute in- 
flammatory and destructive lesions occur. In the quiescent periods 
the heart is handicapped by the considerably advanced age period 
changes which occur in the coronary tree. 

Summary and Conclusions 

A description has been presented of the vascular lesions in the 
main coronary arteries and their branches as they occur in active 
and inactive rheumatic fever, together with a statistical indication 
of the frequency of their occurrence, sites of predilection and com- 
parison with the findings in normal control cases. The lesions in the 
myocardial branches have been classified imder a number of different 
headings. Four of these are similar to the evolutionary age period 
changes found in normal control cases. Several of the remaining 
lesions are so peculiar in their structure as to suggest the possibility 
that they may be specific of rheumatic fever. This conclusion, how- 
ever, cannot be accepted as final without an extensive search for 
similar lesions in other affections of the myocardium. 

A discussion is given of the mechanism concerned in the develop- 
ment of these lesions, of their possible relation to the development of 
the arteriosclerotic process and of their clinical significance. 
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DESCRIPTION OF PLATES 


Plate 32 

Fig. I. Myocardial artery in posterior papillary muscle showing intimal elasti- 
fication. Age 38 years. Active case. Medium power, Weigert’s elastic 
and Van Gieson’s connective tissue stain. 

A = elastified intima; B = media; C = lumen of vessel containing red 
blood cells; D = myocardium. 

Fig. 2. Myocardial arterioles in left auricle shov/ing thickening of lamella 
elastica interna and formation of external elastic limiting membrane. 
Age 13 years. Active case. High power. Weigert’s elastic and Van Gie- 
son’s connective tissue stain, 

A = tj'pical arteriole showing heavy internal and external limiting 
elastic membranes. 

Fig. 3. Myocardial artery in posterior papillary muscle showing medial elasti- 
fication. Age 38 years. Active case. High power. Weigert’s elastic and 
Van Gieson’s connective tissue stain. 

A = enormous development of elastic fibers between smooth muscle 
cells of media; B = lamella elastica interna. 
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Plate 33 

Fig. 4. Myocardial artery in posterior papillary muscle showing fibro-elastifi- 
cation. Age 3S years. .Active case. High power. Weigert’s elastic and 
Van Gieson’s connective tissue stain. 

A = marked distortion, fraying and rupture of elastic membranes of 
fused media and intima; E = disoriented, medial smooth muscle cells; 
C = irregular scarred area of media; D = fused elastified intima and 
media with complete disappearance of smooth muscle cells; E = adven- 
titia; F = myocardium. 

Fig. 5. Small myocardial artery in posterior papillary muscle showing glassy 
hjTJertrophy of media. Age 14 years. .Active case. High power. Weigert’s 
elastic and Van Gieson’s connective tissue stain. 

A = lumen of vessel containing red blood cells. Note swollen endothelial 
cells. B = fused medial smooth muscle cells; C = rounding and clump- 
ing of nuclei; D = myocardium. 

Fig. 6. Myocardial artery in posterior papillary muscle showing intimal fibro- 
sis. Age 15 years. Inactive case. Aledium power. Weigert’s clastic and 
Van Gieson’s connective tissue stain. 

A = fibrotic intima; B = hypertrophied media; C = intimal elasti- 
fication in another vessel; D = myocardium. 
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Plate 33 














Plate 34 

Fig. 7. Myocardial artery in posterior papillary muscle showing intimal 
fibrosis superimposed on intimal elastification, .Age 36 years. Inactive 
case. High power. Weigert’s clastic and \'an Gieson's connective tissue 
stain. 

A = fibrotic zone situated internally to intimal elastified zone; B = 
intimal elastified zone; C = rather atrophic media; D = myocardium. 

Fig. S. Myocardial arterj' within the periaortic pericardial sheath showing 
giant medial hypertrophy with metaliaxis. .Age 15 years. Active case. 
Medium power. Weigert’s clastic and A’an Gieson’s connective tissue 
stain. 

A = enormously hypertrophied and markedly edematous media with 
disorientation of smooth muscle fibers; B = lamella elastica interna; C = 
elastified adventitia; D = myocardium. 
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Plate 34 
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I’LATE 35 

Fio. 0- Myocardial artery in left ventricle showing exudative and necrotizing 
panarteritis. Age 25 years. Active case. High power. Hematox\'lin and 
eosin stain. 

A = lumen of vessel containing red blood cells and desquamated endo- 
thelium; B = necrotic media. Note marked infiltration of adventitia and 
media with inflammatory cells. 

Fig. 10. Ah'ocardial artery in myo-epicardial wedge of right auricle showing 
subendothelial hemorrhagic arteritis. Age 3’. years. Active case. High 
power. Hemato.xylin and eosin stain. 

= extremely narrowed lumen of vessel containing hyaline thrombus 
and lined with endothelial cells; B = subendothelial space containing red 
and white blood cells; C = disrupted media; D = adventitia. 

Fig. II. Myocardial artery in myo-epicardial wedge of right auricle showing 
net-like fibrinous thrombosis. Age 3’, years. Activ-e case. High power. 
Hemato.xylin and eosin stain. 

A = markedly edematous media; B = net-like strands of fibrin pro- 
ducing incomplete occlusion of the vessel; C = adventitia. 
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Plate 35 
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Plate 36 

]'iG. 12. ^Myocardial artery in left ventricle showing endarteritis vernicosa. 
Age 4J years. Active case. Medium power. Hematoxylin and eosin stain. 

A = typical verrucous lesion; B = remains of media; C = adventitia; 
D = myocardium. 

Fig. 13. Small myocardial arteries in posterior wall of left ventricle showing 
granular plugged vessels. Age 38 years. Active case. High power. Hema- 
toxylin and eosin stain. 

A = typical granular plugged vessel; B = small canalized vessel; 
C = myocardium. 

Fig. 14. Myocardial artery in posterior wall of left ventricle showing canaliza- 
tion. Age 38 years. .Active case. lUgh power. W'cigert’s elastic and Van 
Gieson’s connective tissue stain. 

A = obliterated lumen containing three vascular canals; B = elastified 
adventitia; C = myocardium. 
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Plate 36 



Gross, Kugel and Epstein 


Lesions of Coronarj’ Arteries in Rlieumatic Fever 

























Plate 37 

Fig. 15. Myocardial artery in posterior wall of left ventricle showing endarteri- 
tis polyposa. Age 17 months. Active case. I Ugh power. Hemato.T:ylin 
and eosin slain. 

A = centrally placed, organizing polypoid mass within the lumen of the 
vessel; B = media. 

Fig. 16. Myocardial artery in the left auricular retro-aortic myo-epicardial 
wedge showing intimal musculo-elastic hyperplastic lesion (concentric 
type). Age 13 years. .Xetive case. High power. Weigert’s elastic and Van 
Gieson’s connective tissue stain. 

A = raised endothelium; B = intimal musculo-elastic hjpcrplastic 
layer showing cross-section of longitudinal smooth muscle cells surrounded 
by mantles of elastic tissue; C — additional inner zone showing early 
musculo-elastic hyperplastic changes and possibly representing fresh at- 
tack; D = markedly edematous media; E = adventitia. 
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Plate 37 


















1 ’I.ATE 38 

Fig. 17. Myocardial artery in interventricular septum .showing inlimal mus- 
culo-clastic hyperplastic lesion (eccentric type). Ageii ', years. Active case. 
Medium power. Weigert’s elastic and Van Gieson’s connective tissue stain. 

A = eccentrically placed, intimal musculo-elastic hyperplastic lesion 
consisting of longitudinal smooth muscle cells surrounded by elastic man- 
tles. Note somewhat laminated appearance. B = media. 

Fig. 18. Myocardial artery in the left auricular retro-aortic myo-epicardial 
wedge showing end result of intimal musculo-elastic hyperfilastic lesion. 
Age 30 3'ears. Inactive case. IMedium power. \\'eigert’s elastic and Van 
Gieson’s connective tissue stain. 

A = lumen almost completely obliterated b.v markedly elastified intima. 
These elastic fibers, together with collagenous material, have almost com- 
pletelj" replaced the longitudinal smooth muscle cells of the intimal musculo- 
elastic hyperplastic le.sion. B = media. 

Fig. IQ. Mj'ocardial arterj’ in interventricular septum showing intimal mus- 
culo-elastic h\'perplastic lesion (laminated type). .Age 30 \’ears. Inactive 
case. High power. Weigert’s elastic and \'an Gieson’s connective tissue 
stain. 

.A = laminated musculo-elastic hj'pcrplastic lesions, possibly represent- 
ing dilTerent attacks; B = media; C = adventitia. 
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Pl-ATE 39 

Fig. 20. A group of vessels situated in the left auricular retro-aortic myo- 
epicardial wedge showing various characteristic lesions. Age i8 years. 
Active case. Medium power. Wcigcrt’s clastic and Van Gicson’s connec- 
tive tissue stain. 

A = vessel showing intimal musculo-clastic hyperplastic lesion; B = 
vessel showing intimal fibrosis; C = vessel showing intimal fibrosis with 
some elastification; D = vessel showing giant medial hypertrophy with 
metallaxis. 

Fig. 21 . Left anterior descending coronary branch showing scarring and 
elastification of media. Age 38 A'cars. Inactive case. Medium power. 
Weigert’s elastic and V'an Gieson’s connective tissue stain. 

A = elastified intima; B = distorted, heavily clastified patches in 
markedly elastified media; C = .scarred area in media; D = adventitia. 

Fig. 22. Left anterior descending coronary branch showing scarring and 
elastification of media. .Age 50 years. Inactive case. High power. Weigert's 
elastic and Van Gieson's connective tissue stain. 

A = fibrotic layer of intima; B = clastic-hyperplastic layer of intima; 
C = discontinuities in lamella elastica interna; D = heavily elastified 
media with splitting and fraying of clastic membranes; E = conspicuous 
scar in media with replacement of smooth muscle by connective tis.sue; 
F = adventitia containing scattered lymphocytes. 









Plate 40 

Fig. 23. Right circumfle.x coronarx’^ artery showing fibrotic intima and edem- 
atous media. Age 14 years. Active case. Medium power. Hematoxylin 
and eosin stain. 

A = fibrotic thickened intima; B = marked edema of media; C = 
adventitia. 

Fig. 24. Right circumflex coronary artery showing inflamed edematous 
media and intimal reduplication. .Age 4. I years. .Active case. Medium 
power. Weigert’s elastic and A'an Gieson’s connective tissue stain. 

A = normal portion of media showing compact smooth muscle; B = 
swollen and edematous portion of media with inflammatory cells; C = 
recentlj' formed reduplicated layer; D = adventitia. 

Fig. 25. Left anterior descending coronary branch showing edema of media 
and dissolution of lamella elastica interna. .Age 3.’, years. .Active case. 
Medium power. Weigert's elastic and Van Gieson’s connective tissue stain. 

.A = disappearance of lamella elastica interna; B = edematous media 
with swelling and prominence of medial cells; C = adventitia; D = 
mj’’ocardium. 
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Platk 41 

Fig. 26. Left circumflex coronary arlcrj' showing necrotizing arteritis in case 
of periarteritis nodosa with rheumatic fever. Age 7 years. Medium power. 
Weigert’s elastic and Van Gieson’s connective tis.sue stain. 

A = markedly edematous and inflamed media; B = rupture and dis- 
solution of intimal elastic membranes; C = rupture, fraying and dissolu- 
tion of adventitial clastic membranes; D = blood-platelet thrombus; 
E = elastic-hyperplastic intima; F = adventitia. 

Fig. 27. 'Phrombosis of left circumflex coronary artery, ,Age 17 months. 
.•\ctivc case. Medium power. Weigert’s clastic and \'an Gieson’s connec- 
tive tissue stain. 

A — lumen of vessel almost completely occluded by blood-platelet 
thrombus; B = media; C = m\'ocardium. 

Fig. 28. Left circumflex coronary artcr\' showing arteritis and occluding 
granular plugged lesion. .Age 25 years. .Active case. Medium power. 
Weigert’s clastic and A'an Gieson’s connective tissue stain. 

A = granular plugged lesion occluding lumen; B = edematous inflamed 
media; C = markedly inflamed adventitia; D = myocardium. 
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ENDOMETRIOSIS OF THE UMBILICUS * 


Carl V. Weller, M.S., M.D. 

{From the Department of Pathology of. the University of Michigan, Ann Arbor, 

Michigan) 


At the meeting of the American Association of Pathologists and 
Bacteriologists in Rochester, New York, in 1927, I described 2 
cases of endometriosis of the umbiKcus under the title of “Men- 
struating Umbilical Tumors.” Several authors have since included 
these 2 cases in lists of the reported cases of this interesting con- 
dition, depending upon a brief abstract ^ for their information. In 
order to make more complete data available to others, these cases 
are now published in full for the first time. 

In 1927, endometriosis of the mnbilicus, or umbilical adeno- 
myoma, as it was then more commonly called, was considered a 
very rare condition. About 35 cases had been described. In the 
next few years reports of this condition were numerous, so that by 
1931 Spitz 2 designated his case as the 55th. There is no occasion 
to review the literature of these many cases at the present time. 
Spitz 2 has provided a comprehensive tabulation and Enzer,® in 
1930, again brought the literature up to that date and discussed 
some of the more important questions that arise in connection with 
umbilical endometriosis. 

Those who are interested in as complete a compilation as pos- 
sible may add the following cases which are not referred to by 
either Spitz ^ or Enzer Terrier ^ (1887), Toumeux ® (1889), Roh- 
denburg® (1919), Cullen^ (1920) 2 cases, Walz® (1926), Butomo 
and Schereschewsky® (1930), Habbe^® (1931), Thompson” (1931), 
Stetson and Moran” (1932), Siedentopf ” (1932), Longwood” 
(1932), Herberz^® (1933) 3 cases, and Lanos and Busser” (1933). 

Our own cases, 2 in number, are as follows. 

Case Reports 

Case i (2783-V). On May 18, 1918, there was delivered to the 
laboratory by an outside physician a mass which was said to be an 

* Received for publication August 23, 1934. 


381 



282 


•\VELLBR 


umbilical tumor. It had been excised from a v/oman about 45 
years of age. No history was obtainable other than that the patient 
had no children, although married for more than 15 years. A diag- 
nosis of congenital umbilical cystadenoma was made and a brief 
description of the histological features was recorded. 

After receiving the second case a number of years later the ma- 
terial from the first case was restudied. The gross material con- 
sisted of the umbilicus surrounded by an elliptical zone of skin. 
Centered beneath the umbilicus there was a firm nodular mass 
about 2 cm. in diameter. On section this was found to contain 
small spaces, the largest about 2 mm. in diameter. There was no 
evidence of hemorrhage in the interior of the mass. 

Microscopic examination showed that the specimen was covered 
by skin on one side and by peritoneum on the other. The small 
cystic spaces, more than twenty of which appeared in a single sec- 
tion, occurred in a non-encapsulated mass which occupied almost 
the entire thickness of the wall. Over it, both corium and epidermis 
were intact. The cysts, of varying size and shape, were lined by a 
columnar epithelium which frequently showed cUia (Fig. i). About 
this, in certain examples only, there was a richly nucleated and finely 
reticular stroma cytogenic stroma”), resembling the interglandular 
tissue of endometrium. In the largest cyst there were many phago- 
cytes containing old blood pigment and a mass of well hemolyzed 
red blood cells. Outside of the cellular stroma, or immediately 
about those cysts around which such stroma was missing, there was 
fibrous connective tissue of varying density, some of which showed 
the usual appearance of the remains of the mnbilical scar. There 
was no definite encapsulation of the mass but this somewhat atypical 
connective tissue passed rather abruptly into the normal stroma of 
the region. There was no involimtary muscle present other than 
that of the blood vessels. This opinion, based originally on routine 
hemalum and eosin stains, was confirmed by subsequent staining 
with Van Gieson’s mixture. The large sweat glands of the region 
occurred near, but not within, the nodular mass. 

The gross and microscopic features were thus characteristic in 
every respect of endometriosis of the umbilicus. 

Case 2 (2788-AE). An American housewife, 49 years of age, 
was referred to the general surgical service from the out-patient 
department with a diagnosis of questionable melanoma of the um- 
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bilicus. The patient had been married twice. She had had six 
children by her first husband, none by the second. About years, 
before coming to the hospital she had noticed a small painful swell- 
ing in the umbilicus. This was not preceded by tramna nor could 
she recall having had a mole at that site. The tumor had slowly 
increased in size and the patient stated that there had been some 
oozing of blood at the time of the menstrual periods only. Those 
who first examined her were inclined to discredit this assertion, but 
with the appearance of the menses while she was stiU in the hospital 
such oozing of blood did occur. 

Examination of the patient showed at the umbilicus two protrud- 
ing nodules, each about 3.5 cm. in diameter. These were separated 
by a vertical fissure in the midline. The mass to the left was hard 
and its lower part was bluish black in color. The right portion was 
softer and pigmented but slightly. The umbilicus, with these 
nodules and a zone of skin, was excised with the endotherm knife. 
The peritoneal cavity was opened and a small portion of the pre- 
peritoneal fat removed with the mass. 

On microscopic examination the greater part of each nodular 
mass was found to be made up of cystic structures of varying size, 
with cubical to columnar epithelium, the latter often ciliated (Fig. 2) . 
Practically every one of these spaces had about its epithelial lining 
an investment of a cellular reticulum, exactly like endometrial stroma 
in a highly cellular phase. In many of the spaces there was recent 
hemorrhage, showing but little hemolysis. In others there were 
phagocytes containmg older blood pigment. Outside of the zones 
of “cytogenic stroma” there was an abundant dense connective 
tissue such as is normally found at the umbilicus. There was no 
demonstrable connection between the peritoneum and the struc- 
tures described. The epidermis was lacking, however, over a por- 
tion of the surface and here there was shallow ulceration and a 
secondary inflammatory reaction. Sweat glands were abundant 
and were to some extent intermingled with the cystic structures, 
but there was no evidence of any connection between the two. 
Smooth muscle was entirely lacking. 

Discussion ^ 

In addition to placing these 2 cases of umbilical endometriosis 
on record, it is desired to call attention to the fact that the propo- 
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nents of those theories of the origin of endometriosis that require 
implantation or metastasis of fragments of endometrium are con- 
fronted with serious difficulties in explaining its occurrence in this 
situation. Jacobsen has stated that he believes that there are 
present in these cases small umbilical hernial sacs into which en- 
dometrial tissue that has been set free in the peritoneal cavity 
has found its way. WhWe endometriosis has been described in con- 
nection with umbilical hernia fMintz^®), in most of the reported 
cases, as in our own, no evidence of umbilical hernia has been 
found. Also, if this is the explanation, it is surprising that endo- 
metriosis has never been described for any other peritoneal recess 
of the upper half of the abdomen, including the lesser peritoneal sac. 
Since at the umbilicus there is opportunity for a physiological in- 
clusion of peritoneal mesothelium and subserosa, the advocates of 
the serosal theory of endometriosis have no difficulty with this 
localisation, and endometriosis should have a single explanation 
no matter where it occurs. 

Conclusions 

In conclusion, attention is invited particularly to the following 
points. 

1. With over 70 cases described in medical literature the umbili- 
cus can no longer be considered a rare location for endometriosis. 

2. Smooth muscle is commonly not present in endometriosis of 
the mnbilicus and is not an essential element in these formations. 
The term “adenomyoma” is altogether inappropriate. 

3. The sweat glands, which have been mentioned repeatedly in 
connection with umbilical endometriosis, have no part in the genesis 
of this condition. 

4. The origin of umbilical endometriosis is explainable only with 
the greatest difficulty under the implantation and metastasis theo- 
ries, but is readily understandable under the various modifications 
of the serosal theory. 
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DESCRIPTION OF PLATE 


Plate 42 

Fig. I. Case i. Umbilical endometriosis. Ciliated columnar epithelium sur- 
rounded by a richly nucleated spindle-celled stroma. This in turn is em- 
bedded in a dense connective tissue without smooth muscle. Hemalum 
and eosin stain. X 156. 

Fig. 2. Case 2. Umbilical endometriosis. A menstruating umbilical tumor. 
Structure is the same as in Case i. In addition some of the gland spaces 
show recent hemorrhage. X 156. 
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THE ECTOPIC DECIDUAL REACTION AND ITS 
SIGNIFICANCE IN ENDOMETRIOSIS* 


Carl V. Weller, M. S., M.D. 

{From the Department of Pathology of the University of Michigan, Ann Arhor, 

Michigan) 


Almost all pathologists whose duties include the routine examina- 
tion of a large amount of surgical material are familiar with the 
nodular or plaque-like decidual reaction of the subserosa which not 
infrequently makes possible the diagnosis of pregnancy from an 
appendix. This condition was first described for the pelvic peri- 
toneum in 1887 by Walker ^ in connection with extrauterine preg- 
nancy. His findings were confirmed by numerous observers, some 
of whom found a serosal decidual reaction to be present in intra- 
uterine pregnancy as well. The area in which this change was known 
to occur was enlarged during this period by finding it upon the 
ovary, oviduct, broad ligament, anterior rectal wall, smaU intestine 
where adherent in the pelvis, and the omentum where adherent to 
an oviduct in which there was an ectopic gestation. The literature 
of this phase was reviewed by Hirschberg ^ in 1905, who then de- 
scribed for the first time the decidual reaction upon the appendix. 
This observation has been confirmed repeatedly, until now knowl- 
edge of it has become a necessary part of the armamentarium of the 
pathologist. In an active diagnostic service several examples may 
be seen in a single year. 

Upon the appendix the decidual reaction appears as small nodules, 
streaks and patches produced by a thickening of the serosa or, more 
properly, the subserosa. These nodules are frequently mistaken 
by the surgeon for tubercles, metastatic neoplasm or organizing 
exudate. The microscopic appearance is characteristic and may be 
taken as a type form for this reaction wherever found (Figs, i and 
2). Beneath an intact mesothelium and apparently developing from 
the stroma cells of the subserosa, nests of large cells with slightly 
basophilic cytoplasm and spherical, usually eccentric, nuclei occur. 
These large cells, often 30 microns or more in diameter, resemble in 

* Received for publication August 23, 1934. 
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every respect the decidual cells of endometrial origin. Geipel has 
shown that, like intrauterine decidual cells, the peritoneal counter- 
part is often richly supplied with glycogen. 

After Hirschberg, there were further significant extensions of the 
area in which the serosal decidual reaction was known to occur. 
The literature of the intervening period is reviewed by Rosenberger.'’ 
Attention is directed particularly to the demonstration of the ectopic 
decidual reaction in pelvic Ijonph nodes by Geipel.^' In some of the 
same lymph nodes duct-lilie or gland-like spaces lined by cubical 
or low columnar epithelium were found. At the present time such 
areas would be interpreted, in all probability, as endometriosis with 
a secondary decidual reaction. In a later paper Geipel ^ reported 
the occurrence of the decidual reaction upon the diaphragm and 
the splenic capsule. 

Decidual reaction in the cervical mucosa has been observed re- 
peatedly. It is especially apt to occur with placenta previa. Rona ® 
has described a decidual reaction at the external os; and the develop- 
ment of such an excessive decidual formation in the vaginal wall as 
to merit the name of polyposis vaginae has been reported by Zacherl.^ 
While his excellent illustrations show glands of cervical type to be 
present, those glands about which the decidual reaction occurs are 
of a diflferent type and the entire complex suggests a decidual re- 
action taking place in an area of endometriosis. Yet Zacherl be- 
lieved that endometriosis could be excluded. 

In an especially uncertain position is the question of a possible 
ectopic decidual reaction without either intra- or extrauterine 
pregnancy. In all the examples to which reference has been made 
above, pregnancy was present. But Schiller® and Schereschewsky^ 
have shown the development of decidual formations in the apparent 
absence of pregnancy. YTiether this is another manifestation of 
decidua menstrualis and is comparable to the premenstrual changes 
in the endometrium, or whether the fact of pregnancy escaped de- 
tection in the reported cases, cannot be determined positively at the 
present time. 

Endometriosis has been described for the uterine waU, oviduct, 
ovary, mesovarium, broad ligament, round ligament, vagina, cervix, 
bladder wall, rectum, sigmoid colon, cecum, mesocolon, appendix, 
small intestine, retroperitoneal and inguinal lymph nodes, umbilicus 
and laparotomy scars {J.ii. by Jacobsen,^® Polster^O- -ft will at once 
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be noted that, with few exceptions, the regional distribution of en- 
dometriosis coincides with that of the ectopic decidual reaction. 
The only significant difference is in the reported occurrence of a 
decidual reaction upon the diaphragm and the splenic capsule. 
Apparently, endometriosis has never been noted as occurring above 
the level of the umbilicus. It is possible to go even farther in the 
comparison, for there is a similarity in the relative frequency of oc- 
currence of the two conditions in various regions. Polster found in 
a collection which included over 1000 cases of endometriosis of the 
ovaries, tubes and uterine ligaments, 90 in the rectovaginal septum, 
80 in the intestinal tract, 56 in scars, 34 in the inguinal regions and 
30 at the umbilicus. In a general way, the incidence decreases as 
the distance from the ovaries increases, as is true of the ectopic 
decidual reaction. If the analogy from distribution of the two con- 
ditions is as significant as it appears to be, the very rare occurrence 
of the, as yet, unknown endometriosis of the diaphragm may be 
predicted. 

In addition to the similarity in regional distribution between 
endometriosis and ectopic decidual formation, which was noted as 
early as 1925 by Schiffman and Seyfert,^^ there are other significant 
features. Geipel ® found that glandular spaces were frequently 
present in the retroperitoneal nodes showing an ectopic decidual 
reaction. Conversely, a decidual reaction has been described for 
the “cytogenic” stroma of endometriosis in almost every location, 
including umbilicus, cervix and vagina. The “cytogenic” stroma 
of endometriosis is the interglandular stroma of the endometrium. 
They fimction alike in the development of decidua. But, under 
appropriate hormonal stimulation, exactly similar decidual cells 
may develop from the cellular elements (apparently of the connec- 
tive tissue group) which lie immediately beneath the serosal cells 
proper over a wide area in the lower abdomen and pelvis. 

Such similarities and identities of morphology and fimction sup- 
port the serosal theory of origin of endometriosis. The subserous 
stromal cells must possess pluripotentiality in differentiation. Under 
the influence of suitable but dissimilar stimulation either the “cyto- 
genic” stroma of endometriosis or the decidual reaction may result. 
If the former develops, it in turn may subsequently be induced to 
become decidual. In the decidual reaction the mesothehal cells do 
not appear to take any part. They lie apparently unchanged on the 
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masses of decidual cells. ^^Tiile not properly germane to the subject 
of this paper, it must be assumed that the surface mesothelial cells 
likewise possess latent potentiality in differentiation and that from 
them, particularly w'hen entrapped in adhesions or in scar tissue, 
and again under stimulus of a hormone, the epithelial elements in 
endometriosis are derived. 
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DESCRIPTION OF PL.ATE 
Plate 43 

Fig. I. Deddual reaction in the subserosa of the meso-appendix, in the fifth 
month of pregnancy. Hemalum and eosin stain. X 198. 

Fig. 2. Deddual reaction in the subserosa of the appendix, from the same 
case as the preceding. X zzo. 
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DIFFUSE ARTERITIS OF SYPHILITIC ORIGIN* 


Clifford L. Derick, M.D., and George M. Hass, M.D. 

{From the Medical Service and the Department of Pathology of the Peter Bent Brigham 

Hospital, Boston, Mass.) 

That the Treponema pallidum may cause arteritis has long been 
recognized. The aorta and cerebral vessels are involved most fre- 
quently, although lesions in small vessels elsewhere, such as those 
of the extremities, have been found occasionally. This subject was 
reviewed recently by Connor ^ in his BiUing’s lecture entitled “De- 
velopment of Knowledge Concerning Role of Syphilis in Cardio- 
vascular Disease.” In this lecture Connor noted how infrequently 
organisms have been found in the lesion. 

Since we have had an opportunity to study both cUnically and 
at autopsy a case with widespread involvement of the smaller arte- 
ries, and since the Treponema pallidum has been identified in one 
of these vascular lesions, it seemed wise to report our findings in some 
detail. 


Report of Case 

Clinical History: The patient, a 26 year old male, was admitted for the first 
time to the hospital in January, 1933. At that time he complained of a painful 
sore on the penis of 7 days duration and of a urethral discharge. His past history 
was irrelevant, except that he had had gonorrhoea 6 years previously. He 
stated that he usually went on an alcoholic debauch monthly for 24 hours, at 
which time he was exposed sexually. The last occasion was 6 weeks previously. 

Examination revealed a normal male, except for a chancre 1.7 by i cm. on 
the penis just back of the corona, and the presence of a moderately profuse 
urethral discharge. The discharge contained numerous organisms t}^ical of 
the gonococcus. Scrapings from the ulcer, when examined by the dark field 
method, contained numerous treponemata. The patient remained in the hos- 
pital for 14 days, during which time he received five intravenous injections of 
arsphenamine. The dosage ranged from o.i gm. to 0.4 gm. 

Following the last injection the patient had an erythematous dermatitis, due 
presumably to the arsphenamine medication. Jrom this time until Aug. 18, 
^933 j the patient received three series each of arsphenamine and mercury suc- 
cminude in our Out-Patient Department. Hinton and Wassermann tests were 
repeatedly negative after April 4, 1933. He was treated for urethritis in the 
Genito-Urinary Department. On August 21, 1933, he was found to have a 
bilateral epididymitis. The patient was not seen again until Oct. 30, i 933 ) when 

* Received for publication August 14, 1934- 
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he returned complaining of pain in the left calf and foot. This pain was shoot- 
ing in nature and aggravated by walking. Examination at this time revealed 
no objective evidence of disease, such as swelling, redness or tenderness. 

He was seen again on Nov. 15, 1933, with the complaint that the pain in his 
foot had persisted. He stated also that he had lost weight, had a poor appetite 
and was constipated. In January the patient weighed 188 pounds; his weight 
now was 153 pounds. Examination again revealed nothing abnormal, except 
for evidence of loss of weight and a chronic urethritis. His blood pressure was 
not recorded at this time. A roentgenogram of the left foot revealed slight 
atrophy of bones but nothing otherwise abnormal. 

He was readmitted to the hospital as an emergency case on Dec. 4, 1933. 
Because of his confused, irrational state the interval history had to be obtained 
from his sister. The latter stated that the patient had had severe headaches 
for I week for which he had taken numerous “anacin” tablets and that he 
had taken twenty-eight tablets the day previously. Each ''anadn” tablet con- 
tained three grains of acetophenetidin. Headache had persisted in spite of 
medication, and he had become very irritable and nervous. The morning of 
admission his vision became involved so that he could distinguish light from 
dark only. 

Physical examination w'as unsatisfactory on account of the irritability and 
uncooperative attitude of the patient. His blood pressure was 230 mm. mercury 
systolic and 100 mm. diastolic, whereas in January, 1933, it was 110/75 mm. of 
mercury. The heart seemed normal in all respects, and the w'aUs of the pe- 
ripheral vessels were not thickened. He was able to count fingers correctly 
at four feet. Although ophthalmoscopic examination was not satisfactory, no 
abnormality could be found other than a questionable blurring of the disc 
margins. All neurological reflexes were normal. The temperature was 100° F. 
and white blood cell count 12,000 per cmm. 

Lumbar pxmeture at this time revealed a clear, colorless fluid under increased 
pressure. The fluid contained thirty I)mphocytes and nine polymorphonuclear 
leukocytes per cmm. and an increased amount of globulin. Wassermann reac- 
tions on both blood and spinal fluid were negative. 

Forty-eight hours after admission the patient seemed normal except for a 
slight persistent headache. Another lumbar puncture revealed only slight in- 
crease of pressure. The fluid at this time contained four l3Tnphocytes per cmm. 
and a normal amount of globulin. The blood pressure had fallen gradually to 
145 mm. mercury systolic and g8 mm. diastolic. 

The patient’s condition seemed to improve until Dec. ii, 1933, when he 
complained of cramp-like pain across the upper abdomen. This was accom- 
panied by hiccough and periodic vomiting. Although tender to pressure there 
was no rigidity of the abdominal wall. At this time the white blood count 
showed 39,500 leukocytes per cmm. He was seen by Dr. Cutler, who could 
find no indention for surgical intervention. A stool, which had been free of 
blood previously, now contained blood in visible amount. The explanation 
for this was uncertain as the patient had internal hemorrhoids as a possible 
source. The red blood cell count and hemoglobin were normal and blood urea 
nitrogen was 21 mg. per cent. Another lumbar puncture was performed, which 
showed a considerable increase in pressure but nothing otherwise abnormal. 
With the persistence of nausea, vomiting and hiccough his condition grew 
worse gradually so that by Dec. 18, 1933, he was in a semicomatose state. At 
this time there was definite edema of the optic nerve heads, numerous areas of 
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hemorrhage in the right fundus oculi and incontinence of urine and feces. In 
view of the possibility of an intracranial tumor he was transferred to the sur- 
gical service where ventriculography and encephalography were performed with 
inconclusive results. His condition failed to improve and he died on Dec. 21, 
1933. During the final 10 days of his illness seven white blood cell counts were 
done. The values of these ranged from 20,000 to 39,500 cells per cmm. His 
temperature at no time was above 100° F. 

In view of the protean manifestations, a h5^ertension of rapid onset, hemor- 
rhages into the retina, a probable mesenteric thrombosis, pains of unexplained 
etiology in an extremity, and a marked leukocytosis with little or no febrile 
response, the chnical diagnosis of vascular disease with multiple thromboses was 
made. 


Autopsy Report 

Autopsy was performed 2 hours after death with the following 
findings. 

Body: The body was that of a moderately well developed and 
well nourished white male, 172 cm. in length. Pitting edema of 
the lower extremities was present. There was a bilateral external 
strabismus. A small atrophic scar of the penis was found at the site 
where the primary chancre had been. 

Peritoneal Cavity: The important findings will be considered in a 
discussion of the alimentary tract. 

Pleural Cavities and Mediastinum: These regions were normal 
except for fibrous adhesions between the apex of the right lung and 
the parietal pleura. 

Heart: The pericardial cavity was normal. The heart weighed 
300 gm. There was a patent foramen ovale, which was 5 mm. in 
diameter. The four valves, myocardium and arteries were normal. 

Lungs: The right lung weighed 7cx> gm. and the left 630 gm. In 
the lower lobe of each lung there were scattered and confluent, 
gray, nodular areas of pneumonic consolidation. Sanguinopurulent 
exudate could be expressed from these regions. The mucosa of the 
primary and secondary bronchi showed irregular areas of superficial 
necrosis covered by a grayish yellow fibrinopurulent exudate. There 
were no infarcts. The arteries and veins were normal. 

Celiac Axis and Branches: The splenic, hepatic and left gastric 
arteries and their major branches appeared to have normal walls 
and lumens. The small branches of these major trunks will be de- 
scribed in connection with the organs which they supplied. 

Spleen: The spleen weighed 300 gm. A few fibrous adhesions 
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were attached to the capsule. The pulp, trabecular structure and 
vessels were normal. 

Pancreas: The pancreas weighed no gm. There were small in- 
distinct areas of lobular fibrosis. Small arteries were prominent 
because of their thick, firm walls and very narrow lumens, several of 
which appeared to be occluded. 

Liver and Gall-Bladder: The liver weighed 1800 gm. In the left 
lobe along the anterior border a subcapsular, well demarcated, yel- 
lowish white, friable area was found. This was roughly pyramidal 
in shape and 25 mm. in diameter. In this area the liver markings 
were not distinct but there was no evidence of liquefaction or casea- 
tion necrosis. Further incisions disclosed two small similar areas in 
the substance of the liver. The small intrahepatic arteries often had 
narrow lumens and thick walls. The veins were normal. No thrombi 
were found in the branches or tributaries of the portal vein. 

The gall-bladder and extrahepatic biliary ducts were normal. 

AUmenlary Tract: The esophagus was normal. Along the lesser 
curvature of the stomach, midway between the cardiac and pyloric 
orifices, there was a punched-out, sharply circumscribed, circular 
ulcer measuring 8 mm. in diameter. The flat firm base and indurated 
margins of the ulcer were covered by dark red, necrotic material. 
In the first portion of the duodenum, just distal to the pyloric 
sphincter and on the posterior wall, a large irregular ulcer which 
measured 20 by 10 mm. was found. This appeared to be of more 
recent formation than the gastric ulcer. The remainder of the 
duodenum and the proximal 10 cm. of the jejunum were normal. 
The distal portion of the jejunum had numerous, pimetate, sub- 
serosal and submucosal hemorrhages. There was slight mucosal 
edema but no ulceration. 

In the flemn three principal areas of hemorrhagic infarction with 
mucosal ulceration were disclosed. Other similar though less severe 
lesions were present. The first large infarct was in the first portion 
of the ileum. The second lesion was 25 cm. distal to the first (Fig. 
2). The third major lesion was 35 cm. proximal to the ileocecal 
valve. They were from 2 to 5 cm. in length and involved the entire 
circumference of the ileum as well as the adjacent 5 to 10 mm. of 
the mesentery. Although the degree of hemorrhagic gangrenous 
necrosis was different in each instance, the lesions were of similar 
character. The wall of the intestine varied m thickness in propor- 
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tion to the extent of edema, hemorrhage and necrosis, but in several 
areas of each infarct it was thin, friable, and greenish black in color. 
The second lesion was the most severe. A hemorrhagic, fibrino- 
purulent exudate had accumulated on the peritoneum and the loop 
of intestine was bound to the diseased sigmoid colon by fibrous and 
fibrinous adhesions. The mucosa in each area of infarction was 
hemorrhagic, edematous, soft and ulcerous. The ulcerations for the 
most part were adjacent to the attachment of the mesentery. They 
were shallow, poorly demarcated and often confluent. Their bases 
were flat and were covered with necrotic, gray, hemorrhagic ma- 
terial. The regional mesentery was slightly edematous and con- 
gested but had been spared the extensive necrosis that characterized 
the ileum. 

The colon, except for that portion between the middle of the de- 
scending colon and the rectosigmoid junction, was normal. The 
involved part of the colon was contracted. Its wall and mesentery 
were thick and indurated. The mucosa was hyperemic and exten- 
sively ulcerated. The ulcers varied from 8 to 15 mm, in diameter. 
They were disposed circumferentially and tended to lie between the 
edematous rugae. They had irregular, well defined margins and 
gray, firm bases. The thick, edematous and often densely fibrous 
submucosa formed their bases. The cicatrization of the edematous, 
pericolonic fat, and the firm, fibrous adhesions which bound the 
small bowel to the colon indicated that the process was of subacute 
or chronic character. 

The rectum was normal. 

The direct cause of the lesions of the ileum and colon was disclosed 
by a dissection of the superior and inferior mesenteric arteries. The 
main channels and all branches of greater than 2 mm. in thickness 
were normal. The arcuate arteries of about i to 1.5 mm . in tliickness 
often showed definite thickening of their walls, moderate narroAving 
of lumens and an unusual degree of adherence of the adventitia to 
the regional fat of the mesentery. These vessels, however, were 
mucli less seriously involved than were their terminal branches which 
passed directly to the ileum. The degree of involvement was not 
uniform but varied from place to place along the intestine and from 
place to place in the same arter}^ The arteries which supplied the 
jejunum were relatively free from changes. Those of the upper 
ileum that were abnormal were few in number. Along the remainder 
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of the ileum the vascular lesions were rather uniformly distributed, 
although there was a tendency for groups of arcuate branches to 
be more seriously diseased than their neighbors. This was especially 
prominent in the vascular tree which supplied the areas of infarction 
(Figs, 3 and 4), The branches suppl3dng the colon were only rarely 
affected. These small arteries, which were usually i mm. or less in 
diameter, were often pale gray and firm, resembling fibrous cords. 
In other instances this resemblance was restricted to local areas, 
while a more normal vascular tunic persisted between the lesions. 
Often the only portion of the vessel that showed prominent thick- 
ening was at the point where the artery entered the wall of the Heum, 
There were no definite aneurysms, although isolated, small, nodular 
thickenings and spherical, purplish intravascular masses occasion- 
ally were found. Cross-sections showed that the appearance of the 
vessels was due to an increase in the thickness of the adventitia 
which was often abnormally adherent to the adjacent fat tissue, to a 
fibrous thickening of the media and intima and to partial or com- 
plete closure of the lumens by dense white tissue or firm red thrombi. 

The inferior mesenteric, left gastric and pancreaticoduodenal 
arteries were inspected. The smallest vessels presented lesions that 
were identical with those of the small arcuate branches of the su- 
perior mesenteric artery. These were prominent among the branches 
that supplied the sigmoid colon and the first part of the duodenum 
but were rarely found elsewhere. 

Kidneys: The right kidney weighed 180 gm,, and the left 160 gm. 
They were of similar appearance. The capsules, which were of uni- 
form normal texture, were adherent to the cortex in a few, small, 
depressed areas. The external surface of each kidney cortex was 
irregular in contour. There were numerous broad, slightly concave 
depressions which surrounded and merged imperceptibly with 
shghtly convex, plateau-hke elevations. The elevations varied from 
I to 15 mm. in diameter. They were irregular in outline and were 
usually firm and pmplish red in color. Rarely, they were soft and 
grayish yellow. The intervening areas of cortical substance were 
firm and grayish pink. Coronal sections of each kidney showed a 
continuation of these variations in color and texture deeply into 
the cortex with a gradual dimiuution m diameter as the medullary 
regions were approached. The kidney markings were well preserved 
in the pale gray areas, indistinct in the purplish red zones and ab- 
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sent in the homogeneous, friable, grayish yellow parts of the cortex. 
The pyramids, pelves and calices were normal (Fig. i) . 

The main renal arteries and their primary branches were normal. 
The interlobular arteries showed a variable degree of mural thicken- 
ing with concentric narrowing of their lumens. These changes be- 
came greater in the distal parts of these arteries and in the arcuate 
arteries. Here, the lumens of the vessels occasionally were reduced 
to minute channels or were replaced by dense fibrous tissue, so that 
the arteries resembled solid fibrous cords. Thus it seemed that the 
alterations in the renal cortex represented the effects of partial or 
complete deprivation of arterial blood. 

Adrenals: The right adrenal weighed 15 gm., and the left 10 gm. 
The small extracapsular arteries had thick walls and narrow lumens. 

Pelvic Organs: Normal in appearance. 

Testes: Except for a firm indurated hemorrhagic area (3 to 4 mm.) 
beneath the tunica of one testis, the testes were normal. 

Thyroid and Parathyroids: The thyroid and parathyroids were 
normal. 

Bone Marrow: The marrow of the ribs was dark red in color and 
slightly diminished in amount. 

Aorta: Rare atheromatous patches in the intima of the abdominal 
portion of the aorta were seen. 

Eye: The vessels were engorged. Moderate edema of the retina 
was present. Pin-point hemorrhages were few in number. 

Brain: The brain weighed 1340 gm. There was slight flattening 
of convolutions and narrowing of the sulci of the cerebral cortex. 
An indistinct pressure cone was present at the base of the cerebellum. 
The meningeal and cortical hemorrhages were restricted to the sites 
of operative trauma. Coronal sections disclosed numerous small, 
grayish brown areas (i mm.) in the cerebral cortex and subjacent 
white matter. The arteries and their branches showed no lesions. 

Microscopic Study 

The sections were stained with eosin-methylene blue. The stains 
of Giemsa, Gram-Weigert and Levaditi were used in an attempt to 
demonstrate microorganisms. 

PL ear t: The coronary arteries are normal. In the dense connec- 
tive tissue adjacent to the adventitia of a small artery there is a 
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small area of infiltration with polymorphonuclear leukocytes and 
monocytes. 

Lungs: All arteries are normal. An acute bronchitis and a con- 
fluent bronchopneumonia are present. Gram-positive diplococci 
are found in phagocytic cells. A few polymorphonuclear leukocytes 
are scattered throughout the walls of several veins. 

Spleen: Except for a mild thickening and hyalinization of walls 
of arterioles, the arteries are normal. The sinusoids contain an 
increased number of pol 3 Tnorphonuclear leukocytes. A large 
amount of hemosiderin is found in mononuclear phagocytes. A 
hyaline, eosinophilic deposit is present in many follicles. 

Sioma-ch: There are lesions of the walls of submucosal arteries 
and ulcerations of the regional mucosa and submucosa. The lumens 
of the arteries are reduced to very narrow channels by proliferation 
of intimal cells and fibril formation. The newly formed intimal tis- 
sue is loose-textured and often infiltrated with polymorphonuclear 
leukocytes, plasma cells and lymphocytes. Occasionally, the intima 
is partially destroyed and thrombi fill the vascular lumens. In other 
arteries the process is less acute. In these instances cicatrization of 
the adventitia and media with lymphocytes scattered about in the 
dense connective tissue is found. The ulceration of the mucosa is 
acute. Edema, cellular infiltration and degeneration of tissues of 
the submucosa are noted in the base of the ulcer. 

Duode7ium: The ulcer is acute. There is extensive necrosis of 
the mucosa and submucosa. Thrombi of recent formation occlude 
many veins and arteries in the base and at the margins of the ulcer. 
The arteries of the submucosa, muscularis and serosa show patho- 
logical changes similar to those in the gastric arteries. The small 
arteries chiefly are affected by the disease. In the larger arteries 
intimal proliferation is predominant, and the vessel walls usually 
are free from inflammatory cell infiltration and fibrosis. The smaller 
arteries show less prominent intimal prohferation, old and recent 
thrombi, infiltration with lymphoc 3 d:es and plasma cells and a vari- 
able degree of fibrosis of the media and adventitia. 

Small Intestine a7id Mese7itery: Numerous sections through the 
small intestine and its mesentery, both in the regions of the infarcts 
and of the grossly normal bowel, were studied. The significant 
findings are those in the walls of arteries and those of infarction of 
the ileum. The arterial lesions, which are common in the mesentery 
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and rare in the wall of the ileum, are inflammatory and chronic in 
character. The small arteries of less than i mm. in diameter prin- 
cipally are diseased. The smallest arteries, arterioles, and veins are 
normal or only secondarily affected. The greatest number of 
arterial lesions are healed. Several apparently are of chronic pro- 
gressive character. None is acute. So far as could be determined, 
the earliest lesion seems to be characterized by an infiltration of 
polymorphonuclear leukoc3d:es, plasma cells, lymphocytes and 
eosinophiles in the adventitia and outer portions of the media. 
Subsequent to, or coincident with, this reaction there is a prolifera- 
tion of cells of the intima with deposition of delicate coUagenous 
fibrils between the newly formed cells. This concentric prolifera- 
tion is often so great that the narrowing of lumens is carried almost 
to the point of obliteration. In other instances degeneration of the 
inner layers of the intima and thrombosis has occurred. The vari- 
ous stages from acute thrombi to those which are dense, fibrous and 
canalized can be traced (Fig. 5). As the organization of thrombi 
progresses, there seems to be in the media a coincident atrophy and 
fibrosis accompanied by the appearance of small vascular channels. 
Cicatrization of the adventitia gradually becomes prominent. 
Numerous, small, endothelial-lined spaces are formed in the thick 
adventitia. These communicate through the newly formed capil- 
laries in the media with the canaliculi in the thrombi. In several 
older lesions the cellular infiltration has disappeared, leaving the 
cicatrized remnants of the original arterial wall. There are several 
variations from this reconstructed sequence of pathological changes. 
The commonest variation is intimal proliferation wliich seems to be 
unassociated with inflammatory cell infiltration. The veins and 
large lymphatics show no primary lesions and only rarely are they 
seriously affected by the inflammation in the adventitia of the 
arteries which they accompany. 

The wall of the ileum shows not only slight variations from normal 
histology but also extensive necrosis. In sections of normal ileum 
there is an occasional, small, submucosal artery which has a thickened 
intima and infiltrating lymphocytes and plasma cells in the adven- 
titia. In the areas of necrosis, which may be considered as infarcts, 
arteritis is more widespread and severe. Not infrequently, acute 
and organized thrombi are found. In these regions there is an acute 
or subacute necrosis and a diffuse inflammation throughout the 



300 


DERICK AND HASS 


entire wall. Usually the mucosa is destroyed. Beneath the ulcera- 
tions are many dilated vascular channels, several of which contain 
fibrinous thrombi. These thin-walled vessels extend through the 
acutely inflamed, edematous wall, ramify throughout the muscularis 
and serosa and anastomose wth serosal vessels. 

Colon and Mesentery: Numerous sections depict a process which 
is similar to that in the mesentery and wall of the ileum. The 
arteritis is of the same nature. The only appreciable difference be- 
tween the infarcts is that in the colon there are several chronic, 
cicatrizing ulcers of the mucosa. In general, the lesions of the ileum 
are more acute. 

Liver: In small arteries there are numerous inflammatory and 
proliferative lesions similar to those in the mesenteries, kidneys and 
elsewhere. The parench3Tna is normal, except in the sections through 
the large pale area which is found along the anterior border of the 
liver. At the periphery of this well demarcated lesion small acute 
necroses are found in the midzonal regions. In the center of the 
area there is acute necrosis of the inner two-thirds of each lobule. 
The process is characterized by degeneration of liver cells, diminu- 
tion in the number of red blood cells in the sinusoids, rare fibrinous 
thrombi in vascular channels and a large number of polymorpho- 
nuclear leukocytes, not only in sinusoidal spaces but also invading 
the columns of liver cells. This lesion is presumably an acute infarct 
which is the direct result of the arterial disease. In the periportal 
connective tissue and in Kupffer cells a moderate amount of hemo- 
siderin is found. 

Pancreas: There are numerous arterial lesions and old and recent 
infarcts. The t3^e of arteritis is similar to that which has been 
described in the other organs (Figs. 6 and 7) . Thrombi in aU stages 
of organization are found. Several areas of acute or subacute necro- 
sis and small intralobular cicatrices are present. These are probably 
secondary to partial or complete occlusion of the trophic arteries. 

Kidneys: Arterial lesions and cortical infarcts are numerous. 
The inflammation of the arteries is either healed or of chronic pro- 
gressive nature. The arteries which chiefly are affected measure 
less than 2 mm. in diameter. The interlobular and arcuate arteries 
show the most prominent changes. The smallest arteries, arterioles 
and glomeruli exhibit no primary lesions, although they are affected 
secondarily by closure of the vessels from which they arise. 
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The arterial disease is similar to that which is found especially 
in the mesenteries of the ileum and colon and in the pancreas. The 
largest arteries (2 mm.) show great thickening of the intima and a 
corresponding degree of reduction in the size of their lumens. This 
loose-textured, intimal h)^erplasia is not associated with an inflam- 
matory cell infiltration of the intima, except in those instances in 
which acute thrombi have formed. In the smaller arteries the 
fibrils and cells of the hyperplastic intima are in a more compact 
arrangement. The lumens are very narrow and often are occluded 
by old or recent thrombi. Recent thrombi are more common in the 
vessels of the kidney than elsewhere. However, the presence of 
organized and canalized thrombi, as weU as the dense fibrosis of the 
media and adventitia, indicate that the disease is of long duration. 
In fact, there are only rare arteries which are infiltrated or sur- 
rounded by any significant number of lymphocytes and plasma 
cells. 

The infarcts in the renal cortex are undoubtedly secondary to the 
arterial disease. As a rule, they are of acute nature and correspond 
to the elevated areas beneath the capsule of each kidney. Here, the 
glomeruli and tubifles show a homogeneous necrosis without any 
appreciable disturbance of structural relations. The interstitial 
tissues are edematous and infiltrated with a few polymorphonuclear 
leukocytes. Infarcts of less recent date are represented by small 
radial cicatrices. 

Adrenals: There are prominent pathological changes which in- 
volve the periadrenal tissues, the small arteries, the capsule, the 
S3mipathetic nerves and the cortex of each gland. The most sig- 
nificant lesions are those of the small arteries. These lesions consist 
of a proliferation of intimal cells in concentric fashion, an increase 
in the amount of collagen between the cells, marked narrowing of 
the lumens, organized and canalized thrombi, fibrosis of the adven- 
titia and media and newly formed capillaries in the adventitia ad- 
jacent to the media. This process is accompanied by very little 
evidence of active inflammation. Occasional clusters of lymphocytes 
and plasma cells are found in the perivascular tissues and adven- 
titia. The perivascular cicatrices which radiate from the adventitia 
involve the sheaths of several, rmusuaUy large, sympathetic nerve 
trunks. The. fibrous capsule of each gland in many areas is dense 
and thick and portions of the glomerular zone are replaced by 
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cicatricial tissue. In the zona fasciculata there are acute and healed 
foci of degeneration. The acute lesions resemble the necroses in the 
liver. They show acidophilic, shrunken, cortical cells flanked by 
large numbers of polymorphonuclear leukocytes in the sinusoids. 
In the healed lesions most of the cortical cells have disappeared. 
Between the columns of residual atrophic cells there is an increased 
amount of connective tissue. In the medullary regions there are 
aggregates of sympathetic ganglion cells and large sympathetic 
nerve trunks. 

Testis: Beneath the tunica albuginea there are several small 
arteries with lesions which do not diiler from those in several other 
organs. These arteries contain several recent and a few organized 
thrombi. Focal areas of cicatrization and acute necrosis involve 
groups of seminiferous tubules. No significant changes are found 
in the arteries between the tubules. 

Thyroid: The arteries and parenchyma are normal. 

Pituitary: In the capsule of the anterior lobe there is an area of 
recent hemorrhage with fibroblastic prohferation. The arteries are 
normal. 

Prostate and Urethra: At the periphery of the gland several small 
arteries show intimal thickening, which is due to a concentric depo- 
sition of dense lamellae of collagen. In the adventitia and less fre- 
quently in the media of these arteries there are groups of lympho- 
cytes and plasma cells. A slight chronic inflammatory reaction is 
present in the mucosa of the urethra and the stroma of the prostate. 

Aorta: The waU of the aorta is normal. In the adjacent fat tissue 
there are several small arteries with thickened intimal layers, nar- 
row lumens and areas of l3rmphoqrtic infiltration in the adventitial 
connective tissue. 

Abdominal Lymph Node: In the sinusoids numerous mononuclear 
phagocytes which contain red blood cells and hemosiderin are found. 
Eosinophiles are scattered through the gland. A small artery at the 
tiilnm shows concentric intimal hyperplasia, a narrow lumen and 
many small endothelial-lined channels in the thick fibrous ad- 
ventitia. 

Bone Marrow: The rib marrow contains an increased number of 
erythroblasts. A large amount of hemosiderin is demonstrable in 
large mononuclear phagocytes. 

Voluntary Muscle and Shin: There are no lesions. 
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Retina: Between the outer and inner nuclear layers fibrinous 
thrombi occlude the lumens of several small capillaries. In two 
small areas necrosis and edema of the nerve fiber layer with hemor- 
rhage into the retina and partial destruction of all layers internal to 
the pigment epithelium are foimd. The choroidal and retinal ves- 
sels are engorged, but no inflammatory lesions comparable to those 
in small arteries of other organs are detected. 

'Brain: Small areas of necrosis are numerous. These usually are 
characterized by hemorrhage and edema, some of which may be 
the result of operative trauma. However, several cortical and sub- 
cortical lesions show, in addition to hemorrhage and edema, a pro- 
liferation of glia cells, an infiltration with lymphocytes and mono- 
cytes and a proliferation of fibroblasts in the adventitia of small 
arteries. Acute thrombi are found in the lumens of occasional small 
vessels. A few lesions appear to be of several days duration. Other 
significant findings are occasional lymphocytes around small vessels 
in the medulla and pons and distinct small areas of myelin degenera- 
tion. 

Special Stains: Numerous sections were stained by Wolbach’s 
modification of the Giemsa stain and by the method of Gram- 
Weigert. These stains disclose no microorganisms that might be 
considered as etiological agents. 

Sixty blocks of tissue from various organs were stained by Leva- 
diti’s method for the impregnation of spirochetes. In addition sev- 
eral blocks of cerebral tissue were treated by JahnePs modification 
of the Levaditi and Manouelian method for the demonstration of 
Treponema pallidmn in the brain and meninges. Only one section 
showed definite spirochetes although questionable forms appear in 
several sections. The spirochetes (Fig. 8) are located in the areas 
of necrosis and inflammation in the submucosa of the duodenum. 
They are morphologically consistent with Treponema pallidum and 
it seems justifiable to consider them as such. 

Anatomical Diagnoses: Generalized syphilitic arteritis; multiple 
healed and acute arterial thrombi; acute and subacute infarcts of 
stomach, duodenum, ileum, colon, pancreas, liver, kidneys, adrenals, 
testes and brain; healed infarcts of pancreas, kidneys, adrenals 
and testes; localized acute and chronic peritonitis; bronchopneu- 
monia; acute splenitis; chronic urethritis and prostatitis; fibrous 
perisplenitis and pleuritis;. patent foramen ovale. 
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Discussion 

Instances of widespread inflammatory lesions of small arteries 
and arterioles have been observed and reported from time to time. 
Dickson ^ in 1908 reviewed the literature and added a case which 
he had studied. He discussed the lesions under two headings — 
Periarteritis Nodosa and Polyarteritis Acuta Nodosa. Opinion as 
to etiology has differed, but Dickson, along with others, believed 
that the former group was due to sj^philitic infection and the latter 
group to some unknown infection or toxemia other than syphilis. 
Longcope ^ the same year presented a case of periarteritis nodosa 
with an excellent clinical and pathological review of the disease. 
He pointed out the much greater frequency among males than fe- 
males. Mott, who wrote the section “Arterial Degenerations and 
Diseases” in Allbutt and RoUeston’s System of Medicine,"* agreed 
on the whole with Dickson as regards etiology and pathology. 
He discussed syphilitic disease of the small arteries and arterioles 
vmder the heading of Periarteritis Nodosa, This author emphasized 
the widespread distribution of the lesions, the frequent involve- 
ment of the coronary arteries and the early onset during the syphi- 
litic infection. AUbutt® is quite in agreement with Mott. 

Warthin ° stated that syphilis involves the small arteries quite 
frequently. There is a large literature dealing with the effects of 
the syphilitic virus on the blood vessels, but practically all discus- 
sions are confined to observations on the cerebral and coronary ves- 
sels or the aorta and its larger branches. 

When one consults modern text-books on pathology, such as those 
by Boyd and MacCallum® little is to be found concerning the ef- 
fects of syphilis on the small arteries and arterioles. Boyd does not 
believe that syphilis is the etiological agent in periarteritis nodosa. 
He uses as an argument the facts that periarteritis nodosa is chiefly 
a disease of the muscular type of arteries, while syphilis primarily 
attacks the elastic type. 

Most authors agree that in syphilitic arteritis and in so-called 
periarteritis nodosa aU coats of an artery may be involved. Opinions, 
however, differ as to the place of attack of the virus. The generally 
accepted explanation is that the lesion primarily occurs in the larger 
arteries about the vasa vasonun and in the smaller arteries in rela- 
tion to the perivascular lymph channels. 
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The case presented here is of much interest from several points 
of view. The multiplicity, character and distribution of the symp- 
toms, together with a hypertension of recent development, indicated 
that the patient had some disease of the vascular system. Longcope ® 
pointed out that these findings, together with a leukocytosis and 
fever, would suggest the diagnosis of periarteritis nodosa, even in the 
absence of superficial vascular nodules. The fact that the patient 
had been quite well until he contracted his syphilitic infection, 
which was of recent occurrence, made it seem probable that lus 
iUness was due to this infection. Mott ^ and again AUbutt ® noted 
that the widespread involvement of the small arteries by the syphi- 
litic virus occurred early in the course of the infection ; usually dur- 
ing the secondary stage, although not infrequently during the late 
primary stage, and that the whole course of the illness was usually 
from a few weeks to months in duration. These observations were 
borne out in our case. 

The gross examination of the organs of this patient yielded no 
clue which would allow diagnoses other than those of disseminated 
arteritis and multiple infarcts. The assumption at the time of the 
postmortem was that idiopathic periarteritis nodosa was the malady 
which would explain all findings in the most satisfactory manner. 
It was only after microscopic study that the diagnosis of s3q)hiHtic 
arteritis was made. The histological study disclosed inflammatory 
changes in the walls of small arteries and in the periarterial tissues. 
There were a few vessels which were affected by a relatively acute 
inflammation. Most of the lesions were chronic or healed. It was 
impossible to determine what part of the vascular wall was the 
original site of the infection. It seemed that the outer portion of 
the media and the adjacent adventitia were affected primarily. 
Fibrosis of the vessel walls was prominent. The partial or complete 
occlusion of the lumens of the arteries by concentric thickening of 
the intima and thrombosis resulted in the formation of numerous 
infarcts. 

Inasmuch as periarteritis nodosa has not been estabhshed as an 
entity and because the term has come to be used as an opportune 
‘‘label” for most instances of arteritis of unknown etiology, it seemed 
that certain features of the present case favored a diagnosis of 
syphilitic arteritis rather than periarteritis nodosa. In the first 
place, the patient had contracted syphilis a few months before the 
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onset of his fatal illness. Secondly, the appearance of severe signs 
and symptoms occurred during the period in which generalized 
syphilitic arteritis is most likely to occur. Thirdly, although the 
patient was treated promptly with arsphenamine and mercury, the 
therapy was interrupted for several weeks before the onset of serious 
symptoms. This lapse of therapy would allow for an intense exacer- 
bation of the disease such as, according to Moore,® not infrequently 
occurs in the central nervous system in instances of primary or early 
secondary syphilis under similar circumstances. Fourthly, the his- 
tology was more compatible with syphilis than any other disease. 
Fifthly, spirochetes, which were indistinguishable from the Tre- 
ponema pallidum, were found in an area of necrosis in the submucosa 
of the duodenum. 

Generalized syphilitic involvement of the small arteries must be 
uncommon. This is the first case of this type recognized in this 
hospital. It is impossible to state why the vascular system should 
have been so vulnerable to the virus. Stokes^® states that both 
arsphenamine and mercury are toxic to the walls of blood vessels. 
In this case treatment was instituted early and was intensive over a 
period of several months. It may be that this is an example of the 
“ therapeutic paradox” following the use of arsphenamine. Stokes 
believes that this is due to the too rapid healing of the lesions. He 
states that “closure of a partially obliterated coronary vessel or 
branch by edema at some spot of active gummatous arteritis, as in 
the Herxheimer flare-up, or rapid strangulation by too quick scar 
formation and healing, may produce death before any compensatory 
mechanism can come into play.” It is conceivable that some such 
occurrence took place in the present case. Another explanation 
which has been offered, especially in instances of neurorecurrences 
of which this is an example, is that early intensive treatment may 
have prevented the natural development of adequate bodily de- 
fences against the virus and that the lapse of treatment permitted 
a severe exacerbation of the disease. 

Summary and Conclusions 

K case of widespread progressive chronic arteritis in a young 
adult with syphilis has been described. The small arteries were in- 
volved almost exclusively. All three coats of the vessels were in- 



DIFFUSE AF.TERITIS OF SYPHILITIC ORIGIN 


307 


eluded frequently in the lesion. In most instances the vessels were 
occluded partially or completely, either by the marked thickening 
of their walls, by the formation of thrombi, or by a combination of 
the two processes. Infarcts of various organs often were present in 
regions where the most severe vascular lesions were found. The 
etiology of the arteritis has not been proved conclusively, but for 
several reasons cited in the discussion we beheve it to be the virus 
of syphilis. 
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DESCRIPTION OF PLATES 


Plate 44 

Fig. I. Photograph of a coronal section of the kidney and of the external sur- 
face from which the capsule has been removed. 

Fig. 2. Photograph of a distended segment of the ileum. Note the tv/o areas 
of infarction. 
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Diffuse Arteriris of Sj'philitic Origin 




Plate 45 

Fig. 3. The specimen for this photograph was prepared in the following man- 
ner. A segment of a normal ileum was selected. A dissection of the ter- 
minal arcuate branches of the superior mesenteric arterj’ was made. The 
ileum was then bisected in the plane of the mesenterj' and the divided 
halves of the wall spread out so as to show the paired arcuate branches in 
one plane. 

Fig. 4. The specimen for this photograph was selected from a portion of the 
ileum between the areas of infarction in the present case. It was prepared 
in the same manner as the normal ileum in Fig. 3. Note the increased 
opacity and thickness of parts of the arcuate arteries. This illustrates the 
scattered distribution of prominent lesions without true modosities or 
aneurysmal dilatations. The vessels from which these arteries arose were 
normal. 

Fig. 5. Photomicrograph of a thickened terminal arcuate arteiy' (such as 
those in Fig. 4) and an accompanying vein. Note the fibrosis, vasculari- 
zation and cellular infiltration in the media and adventitia. This also 
exemplifies the typical intimal proliferation with consequent narrowing 
of the vascular channel, x 100. 
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Plate 46 

Fig 6 Photomicrograph of the pancreas. Note the extraordinary'^ intimal pro- 

deration in the krge artery. The two small arteries are similar hi^o b|- 
cally to the arcuate artery in Fig. 5. A small area of parench\m 
is also included in the picture, x 25. 

Fig. 7. Photomicrograph showing the type of lesion found in the Jarge artety 
in Fig. 6. It illustrates the typical patholog>' of the largest vessels 
were involved by the disease, x 100. 

Fig. 8. Photomicrograph of one of the Treponema pallidum in the waU of the 
duodenum, x 2000. 



American Journal of Pathology. Vol. XI 


Plate 46 



Derick and Hass 


• rr 


tcritis of Syphilitic Origin 


















CONGENITAL ANOMALY OF THE HEART* 


REPORT OE A CASE^ WITH EMBRYOLOGICAL DISCUSSION 

S. K. Ngai, M.D. 

{From the Department of Pathology, Peiping Union Medical College, Peiping, China) 

As far as the author is aware, such a combination of congenital 
anomahes of the heart as persistence and detorsion of the bulbus 
cordis, partial transposition of the aorta, interauricular and inter- 
ventricular septal defects, patent ductus arteriosus, sinistroposition 
of the right auricle and right aortic arch has hitherto rarely been 
recorded in the medical literature. One of the cases (Case 9) re- 
ported by Wenner ^ seems to correspond fairly closely to such a de- 
scription. This author, however, labelled it cor monoventriculare 
hiatriatum, in spite of the presence of a low but thick interventricu- 
lar septum on the anterior ventricular wall about two finger breadths 
above the apex. A case with this combination of anomahes, which 
was under observation for about 7 weeks in the pediatric service of 
the Peiping Union Medical CoUege Hospital, presents a few anatom- 
ical features that seem to shed a new fight on some of the aspects 
of our knowledge of the embryology of the heart. For these reasons 
a detailed report of the case with a discussion of the mechanism of 
its development seems warranted. 

Eeport oe Case 

Clinical History: S. H. M., a Chinese female infant, aged 53 days, was ad- 
mitted to the pediatric service of the Peiping Union Medical College Hospital 
on Dec. 20, 1929, for frequent cough of more than 20 days duration. After 
birth the patient had been apparently normal, except for some edema of the 
legs, which practically disappeared in 10 days. Fifteen or 16 days after birth 
she began to have some nasal discharge and frequent cough. She cried often 
and had attacks of cyanosis, rapid and difficult respiration, perspiration, oc- 
casional vomiting and, later, unconsciousness. There had been no other com- 
plaints. She was born at term and spontaneously, and never had any illness, 
except as mentioned. The parents were healthy and denied venereal disease. 
The mother had had one other pregnancy, a girl 4 years of age, living and well. 

On admission the important physical findings were as follows: temperature 
37° C.; pulse rate 168 per minute; respiration rate 42 per minute, at times 

* Received for publication August 25, 1934. 
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more rapid and labored; dark color of the skin; moderate cj'anosis of the mu- 
cous membranes; slight enlargement of the cardiac dullness tov;ard the left; 
aortic second sound slightly accentuated; a fairly loud, short, blowing systolic 
murmur over the whole precordium; slight dullness with diminished breath 
sounds over the anterior right upper region of the chest; medium moist rales 
over lower posterior portion of the chest on both sides, and definitely palpable 
liver edge 1.5 cm. below the costal margin. 

After admission the patient was found to be excitable and had cyanosis and 
dyspnea during convulsions, which could be curtailed by the administration of 
chloroform or morphine. Typical “obstetrical hand” was noticed on one oc- 
casion only. Roentgenological examinations of the chest done on Dec. 21 and 
31, 1929, and Jan. 13, 1930, revealed persistent opacity in the region of the right 
upper lobe of the lung, and the possibility of an azygos lobe was suggested. On 
January 8th an abscess of the left thigh was incised. On January 19th a fu- 
runcle of the right external auditory canal was noticed and treated. 

During the patient’s stay in the hospital her condition and physical findings, 
except as noted above, remained stationary. On February 5th she had another 
attack of cyanosis and dyspnea, for which morphine injection was given. She 
failed to recover and died, presumably of respiratory failure, after having lived 
100 days. 

The laboratory findings were as follows. 

Urine: Acid in reaction, i plus albumin, occasionally positive sugar reaction, 
a few white blood cells and granular casts in sediment. 

Blood: On admission red blood cell count 5.03 million per cmm., with 134 
per cent hemoglobin value (Sahli), White blood cell count 6800 per cmm. with 
S3 per cent polymorphonuclear neutrophiles, i per cent eosinophilcs, 45 
cent lymphocytes and i per cent monocytes. 

On Feb. 2, 1930, the red blood cell count w'as 4.2 million per cmm., with 89 
per cent hemoglobin value (Sahli). 

Feces: No protozoa or ova. 

Clinical Diagnoses: Congenital malformation of the heart; 
questionable patent ductus arteriosus; bronchopneumonia, left 
lower lobe, microorganism tmdetermined; atelectasis, right upper 
lung; otitis externa. 


Autopsy Report 

The autopsy was done approximately 21 hours after death. The 
body was that of a well developed but poorly nourished, Chinese 
female infant weighing 3 Kg. and measuring 54 cm. in length. 
Rigor mortis was moderate and livor mortis was present over the 
dependent portions. The skin was dark colored, the mucous mem- 
branes definitely purplish. The skull was of normal contour; the 
anterior fontaneUe was open, 1.5 by 1.2 cm., the posterior fontanelle 
closed. A small amount of tlun yellowish discharge was present 
in the right auditory canal. Eyes and nose were normal. The abdo- 
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men was slightly distended. Extremities showed no clubbing of 
fingers or toes and no other abnormal findings. The external geni- 
talia were normal. 

The peritoneal cavity contained a small amount of clear yellow- 
ish fluid; the surfaces were smooth and glistening. The omentum 
was free in the cavity. The intestines were moderately distended 
with gas. The liver and spleen were in their normal positions. 

The right and left pleural cavities contained no excess of fluid 
and their surfaces were smooth and glistening. The lungs were 
voluminous. The pericardial sac contained a few cc. of clear yel- 
lowish fluid. The heart was much enlarged and, as its exposure 
revealed an apparent malformation, the body was immediately 
embalmed so as to allow a careful dissection of all the larger blood 
vessels. The thoracic and abdominal organs were removed in toto. 

The heart was much enlarged and was approximately three times 
the normal size of that of a 3 months old infant. Its shape was 
like that of a pear, with the anteroposterior diameter longer than 
the transverse, being 4 and 3.5 cm. respectively. The greatest 
circumference around the ventricles was 12.4 cm. and the vertical 
length from the level of the origin of the aorta to the inferior border 
was 5.2 cm. From the sternocostal surface (Fig. i), the most strik- 
ing abnormality was the position of the aorta. It arose from the 
extreme right upper conus of the heart directly anterior to the origin 
of the pulmonary arterial trunk. On the left side there lay both 
the right and the left auricular appendages, the former being the 
more cephalic of the two. The apex was globular and formed entirely 
by the left ventricle. The diaphragmatic surface (Fig. 2) showed 
that a greater part of the upper portion was occupied by the left 
and right auricles, into which their respective veins entered, and a 
smaller part was occupied by the arterial trunks at the extreme 
upper right portion. The lower portion of this surface is the ven- 
tricular area. Between the sternocostal and the diaphragmatic 
surfaces was the acute margin (Fig. 3), which was by no means dis- 
tinct and on which the marginal branch of the circumflex artery ran. 
The left surface of the heart, or the obtuse margin, was broad and 
showed the origin of the aorta from the ventral and cephahc ven- 
tricular portion, the pulmonary arterial trunk being hidden. The 
right and left auricular appendages were clearly shown to lie in ap- 
position to each other. 
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The aorta, after its origin from the right ventricle, where it 
measured 1.3 cm. in diameter, ran ccphalad and dorsad, and was 
ventral and to the left of the pulmonary arterial trunk. It gave off 
the left innominate, the right carotid and the right subclavian ar- 
teries in the order named, about 2.5 cm. from the level of its ori^n. 
The aorta communicated with the right branch of the pulmonary 
artery by a patent ductus arteriosus, which measured 4 mm, in 
length and barely admitted a probe, so that the diameter of its 
lumen was not more than 1.5 mm. At this level the aorta arched 
over the right bronchus and was continuous with the thoracic and 
abdominal portions of the aorta, which were normal. 

The pulmonary arterial trunk also took its origin directly dorsal 
to the aortic orifice, and measured about 1.4 cm. in diameter at 
this level. It closely followed the course of the aortic arch and re- 
mained dorsally and on the right. At the level where the left in- 
nominate artery arose from the aorta, the pulmonary arterial trunk 
branched. The right branch, after giving off the ductus arteriosus, 
ran dorsad and toward the right to the hilum of the right lung, 
while the left passed caudad to the transverse aorta and reached the 
hilum of the left lung. Both of these arteries were moderately 
dilated. 

Because of the malformation, it was not practicable to open the 
heart by the usual technique of following the blood stream. Thus, 
the pulmonary veins and the left auricle were opened first. It was 
noted that the auricle was apparently normal, being lined by smooth 
and glistening endothelium with its usual pectinate muscles in the 
appendage. The interauricular septum was found to be normal in 
appearance, but the foramen ovale was patent, measuring 8 by 4 
mm. There was no trace of the foramen primum. When one looked 
into the left ventricle the mitral orifice appeared to be irregularly 
oval in shape and was 11 and 7 mm. in diameter. The ventricular 
wall was then cut between the two normal papihaiy muscles, to 
which were attached by normal chordae tendineae a large anterior 
and a small posterior cusp of the mitral valve. As the left ventricle 
was thus exposed, the interventricular septum appeared normal 
(Fig. 4), but when the anterior leaflet of the mitral valve was ele- 
vated a septal defect measuring 9 by 5 mm. was present at its 
cephalic end. It was roughly U-shaped with a smooth and rounded 
edge. The height of the left ventricular surface of the interventricu- 
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lar septum measured 19 mm. The left ventricle communicated with 
the left auricle through the mitral orifice and with the right ventricle 
through the septal defect. No efferent vessel was derived from it. 
The left ventricular wall measured ii mm. in thickness. 

The right auricle was then exposed, showing no abnormal find- 
ings other than the defect in the interauricular septum above de- 
scribed. The tricuspid orifice was sickle-shaped, measuring about 
15 mm. in length. An oblique cut was then made on the right ven- 
tricular wall. The arterial trunks were cut open longitudinally and 
the incisions extended to the right ventricular wall until they met. 
In such a way, a V-shaped portion of the ventricular wall could be 
lifted up, exposing the right ventricular cavity (Fig. 5). This was 
found to be smaller than the left ventricle and was cephalad, ventral 
and to the right of it. The thickness of the right ventricular wall 
measured 9 mm. The tricuspid cusps were normal and were provided 
with normal chordae tendineae and three short but plump, papil- 
lary muscles. 

The right ventricle communicated with the right auricle through 
the tricuspid orifice, with the left ventricle through the interventric- 
ular septal defect, and with the aorta and the pulmonary arterial 
trunk through their respective orifices. It was bounded on all 
sides by a rather thick muscular wall, the shape of which resembled 
the bulbus cordis in the heart of an early embryo. Caudad, it was 
separated from the left ventricle by the defective interventricular 
septum. Between the aortic and the pulmonary orifices and ex- 
tending into the cavity there was a thin fleshy flap, the bulbar 
septum (Fig. 5), which measured from 7 to ii mm. in height. 

The aortic orifice was guarded by three normal appearing semi- 
limar cusps (Fig. 8, b), one anterior, one right posterior and one left 
posterior. From the right posterior sinus of Valsalva there arose 
the right coronary artery. A shallow dimpling was present on the 
aortic wall in the left posterior sinus of Valsalva, representing the 
rudimentary left coronary artery. 

The orifice of the pulmonary arterial trunk was also guarded by 
three normal semilunar cusps, one posterior, one right anterior and 
one left anterior. The aperture of this trunk was slightly larger 
than that of the aorta. 

After suturing some of the cuts above mentioned, the heart was 
then divided into two halves by extending the cut in the left ventric- 
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ular wall so that each half carried one arterial trunk (Fig. 6). In 
such a way a remarkable picture was produced. It was noted that 
the right ventricle, from which the two arterial trunks arose, was 
composed of a conically shaped muscular tube corresponding in 
shape and position to the bulbus cordis of an early embryonic 
heart. The orifices of the arterial trunks were at a much higher level 
than the auriculoventricular orifices. The interventricular septum 
took its origin from the ventral surface at a level between the middle 
and lower thirds. It was placed in such a plane that the right ven- 
tricular surface pointed cephalad, slightly ventral and to the right, 
while the left ventricular surface faced caudad, slightly dorsal and 
to the left. Its free margin was directed toward the caudal end of 
the interauricular septum, but was separated from it by the inter- 
ventricular foramen. The left ventricle was thus at a lower plane 
than, or caudad to, the right. The tricuspid and mitral orifices were 
approximately at right angles to the interventricular septum. 

The right coronary artery (Fig. 7), after taking its origin from the 
right posterior aspect of the aorta, emerged between the two arterial 
trunks and ran laterally to the right for a short distance. Then it 
branched into two, one circumflex and one infundibular branch. 
The former traveled posteriorly and toward the left in the coronary 
sulcus and gave off (i) a marginal branch at the level of the right 
border of the pulmonary trunk running along the acute margin; 
(2) a posterior descending ramus, which ran downward over the 
posterior surface, its branches terminating over the lower border 
of the sternocostal surface; (3) a number of posterior rami on the 
left ventricle supplying the left ventricular wall; and (4) a terminal 
branch which ended over the left surface of the heart. The infun- 
dibular branch ran obliquely anteriorly and soon gave off (i) an an- 
terior ramus, which ran obliquely downward and slightly to the left 
at the right border of the heart, terminating at about the lower 
fourth of the anterior surface; and (2) an anterior descending ramus, 
which woimd transversely around the infundibulmn of the aortic 
trunk and reached the border of the right auricular appendage, where 
it turned sharply so that it ran obliquely downward and slightly 
toward the right, terminating at a point 1.8 cm. from both the right 
and the inferior borders of the heart on the anterior surface. 

The right lung was three lobed, but an extra fissure was present- 
over the lower lobe and over the posterior surface of the upper lobe. 
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The latter corresponded to the sulcus usually formed when an azygos 
lobe of the lung exists. Although at time of autopsy the presence of 
an azygos vein was unfortunately not definitely ascertained, the 
clinical and pathological pictures fit in well with such a condition. 
The left lung consisted of one lobe; however, a few shallow fissures 
were present over the surface. The pleural surface was smooth and 
glistening. The consistence was soft and crepitant, except in the 
right upper region where it was slightly firm. On section the cut sur- 
face showed atelectasis of the azygos lobe. The bronchi and the 
bronchial lymph nodes were normal. 

The other organs showed no noteworthy findings. 

As a whole, the microscopic study of different organs was not re- 
markable. The section of the heart showed normal myocardium. 
The sections of the lungs showed a moderate degree of emphysema 
in all the lobes, except the right upper lobe where a partial atelectasis 
and some leukocytic exudate in a few alveoli were present. 

Anatomical Diagnoses: Congenital anomaly of the heart with 
persistence and detorsion of bulbus cordis, partial transposition of 
the aorta, interauricular and interventricular septal defects, patent 
ductus arteriosus, sinistroposition of the right auricle and right 
aortic arch; hypertrophy of the heart; anomaly of the coronary 
arteries; partial atelectasis and lobular pneumonia of azygos lobe 
of the lung; anomaly of the lung (single lobe of left lung with fis- 
sures, small fissures in the right lower lobe). 

Discussion 

In his study on the development of the human heart from its 
first appearance to the stage found in embryos with twenty paired 
somites (1.5 to 3.3 mm.), Davis ^ reports that the embryonic heart 
is composed of aortic-bulbar, cardiac-bulbar, ventricular and atrial 
regions, demarcated by the interbulbar, bulboventricular and atrio- 
ventricular sulci ectally, and their corresponding ridges en tally. 
With the growth of the cardiac tube much exceeding that of the 
pleuropericardial sac, and with the difference in the rate of growth 
in different regions of the heart, there occurs a bending of the cardiac 
tube, forming an S-shaped structure and a shifting in the positions 
and a change in the relative exaggeration or obliteration of the 
different sulci and ridges. In all of the embryos that he studied, 
these landmarks are definitely present. 
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In almost all the standard text-books of human embryology it 
is noted that in the embryo of about 5 mm. a definite sulcus appears 
at the bottom of the common ventricle, marking out the future 
right and left ventricles, and another slightly less definite one on 
the right side between the bulbus and the right ventricle. In the 
embryo of about 10 mm. the rudimentary interventricular septum 
appears between the dilated right and left ventricles, with a cor- 
responding ectal interventricular sulcus. Another shallow ectal 
sulcus (the right bulboventricular) and a corresponding low ental 
ridge or spur persist between the bulbus and the right ventricle. 
In the embryo of about 15 mm. the interventricular septum is set 
vertically on the floor of the common ventricle and directed toward 
the auriculoventricular endocardial cushions, thus incompletely 
dividing the common ventricle into two chambers. With further 
^development of the right ventricle, the right bulboventricular ridge 
becomes obliterated. 

The bulbus cordis is only a transient, but important, structure 
in the development of the human heart. It soon becomes incorpo- 
rated with the right and the left ventricles, mostly the former, and 
forms the infundibular portions. 

In the above review there are a few points that seem to be rather 
confusing. The value of definite landmarks in the interpretation of 
morphological development has been demonstrated in the works of 
Schulte,® Murray^ and Yoshinaga® in the development of the mam- 
malian heart. It is definitely shown by Davis® that there exists an 
interbulbar sulcus and ridge in the heart of embryos at, or before, 
the stage of twenty paired somites. This landmark is neither repre- 
sented nor mentioned in the studies of the hearts of embryos of 
5 mm. or more. What becomes, then, of this sulcus and ridge in 
the heart of these embryos? The interventricular sulcus, which 
denotes the origin of the interventricular septum, appears in the 
hearts of embryos of 5 mm. or more, but where is this sulcus in the 
hearts of embryos at, or before, the stage of twenty paired somites? 
Unless one assumes that the interventricular sulcus does not ap- 
pear in the hearts of embryos before, and the interbulbar sulcus 
becomes entirely obhterated in the hearts of those after, the twenty 
paired somites stage, both of which are not likely to be the case, 
this discrepancy is not conceivable. 

In the case reported here it is noted that the right ventricle con- 
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sists of a thick, muscular, tubular structure corresponding in posi- 
tion and shape to the bulbus cordis of an early embryonic heart. 
The interventricular septum arises from the ventral waU at a level 
corresponding to that of the bulboventricular ridge in the hearts of 
embryos of from 2 to 3 mm., runs obliquely and slightly cephalad, 
and fuses with the auriculoventricular endocardial cushions. It 
is also noted that the orifices of the arterial trunks are at a much 
higher level than the auriculoventricular ones, corresponding to 
the situation existing in a heart of an early embryo. Such a remark- 
able picture cannot be rationally explained by our text-book knowl- 
edge of the development of the heart, unless one assumes that the 
interventricular septum is malposed. 

To clarify the confusing points, as noted above, one should 
scrutinize closely the difference in the interpretations of these ob- 
servations. From his beautiful preparations, Davis ^ is justified in 
dividing the bulbus cordis into the aortic and cardiac portions, which 
are demarcated by the interbulbar sulcus ectally. The bulboven- 
tricular sulcus is a definite and important landmark, as will be dis- 
cussed presently. On account of the simultaneous growth of the 
cardiac bulbus and the ventricular loop, which produces a down- 
ward displacement of the cardiac bulbus, the right bulboventricular 
sulcus shifts and appears at the bottom of the so-called “common 
ventricle” and is called by the older writers the interventricular 
sulcus. At the same time, the descent of the bulbus brings down 
the interbulbar sulcus, which has been erroneously considered as 
the bulboventricular sulcus. It seems reasonable, therefore, to 
consider that the bulboventricular sulcus of Davis and the inter- 
ventricular sulcus are one and the same, and the interbulbar sulcus 
and the bulboventricular sulcus described in the text-books are also 
one and the same landmark. The interventricular septum is, there- 
fore, developed from the right bulboventricular ridge of Davis.* 
With this change in the interpretations of these landmarks, it will 
follow that the ventricular loop of the early embrj^onic heart is 
destined to form the left ventricle, the cardiac bulbus the right 
ventricle of the adult heart, and that the aortic bulbus, by virtue of 
its torsion, the infundibular portions of both the right and the left 
ventricles. 

* In this connection, Jlurray ^ claims that the left bulboventricular ridge contrib- 
utes to the formation of the interventricular septum of the adult heart of the rabbit. 
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Keeping this in mind, the findings in our case can be easily ex- 
plained by an inhibition in growth and a lack of downward displace- 
ment of the cardiac bulbus, so that the interventricular septum re- 
mains in a position corresponding to that of the bulboventricular 
ridge of an early embryonic heart and the orifices of the arterial 
trunlcs maintain a higher level than the auriculoventricular orifices. 
Similarly, the case of cor hialrialnm iriloculare, reported by Holmes ® 
and republished by Abbott,’ in which a defective septum appears 
between the so-called “common ventricle’’ and a small cavity from 
which the pulmonary artery is derived, can be explained by the as- 
sumption that this septum represents the normal interventricular 
one, arises from the bulboventricular ridge, but appears to be 
“malposed” on account of an atrophy of the cardiac bulbus, and 
a hypertrophy and marked dilatation of the left ventricle. 

In explaining most of the anomalies of the bulbus cordis it is a 
distinct advantage to separate the aortic and the cardiac portions 
of the bulbus, as a disturbance in one may not necessarily affect 
the normal development of the other. 

Because of the lack of descent of the aortic bulbus in our case, 
the partial transposition of the aorta, i.c. both arterial trunks 
arising from the right ventricle, is naturally to be expected. In 
view of the recent work on the torsions of the bulbus cordis {i.e. 
the aortic bulbus) the anterior or ventral position of the aorta in 
relation to the pulmonary trunk can readily be explained on the 
detorsion basis. In order to get to the normal heart, the distal end 
of the aortic bulbus will have to make a clockwise rotation, or tor- 
sion, of about 180°. In the present case, as illustrated in Figure 8, 
the torsion stops at approximately 60°, hence the detorsion defect. 

The final closure of the interventricular septal defect is normally 
made by the bulbar septum, which forms the membranous portion. 
This septum in the present case is well formed, but on account 
of the lack of descent of the cardiac bulbus and of complete torsion 
of the aortic bulbus, it is imable to close the interventricular 
foramen. 

The sinistroposition of the right auricle closely resembles the case 
of Birmingham ® and that of Wenner.’ The latter author has dem- 
onstrated clearly in his paper that this is due to the malposition of 
the aortic bulbus (“truncus arteriosus,” according to this author) - 
Normally, the aortic bulbus should ascend upward and toward the 
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left, passing in between and ventral to the right and left atrial 
pouches, but in these abnormal cases it passes directly upward on 
the right side of the right atrial pouch. It is conceivable that this 
malposition of the right auricle ma}’’ have some inhibitory effect 
on the normal development of tlie right ventricle. 

The right aortic arch is well discussed by many authors and it is 
sufficient here to explain it by the persistence of the right instead of 
the left fourth arterial arch. The left fourth arch instead of the right 
becomes the left innominate artery, and the persistent right sixth 
arch instead of the left the ductus arteriosus. 

Anomalies of the coronary arteries are not rare. In the case here 
reported, the right coronary artery took its origin from the right 
posterior sinus of Valsalva, which usually gives rise to the left 
branch, but on account of the incomplete torsion of the aortic bul- 
bus the left coronary artery became the right one. Because of the 
arrest in growtli and absence of the other coronary artery the in- 
fundibular branch of the right one became compensatorily dilated. 

Clinically there are remarkably few physical signs in this case, 
except a definite, loud, short, blowing systolic murmur heard over 
the precordium, and cyanosis and dyspnea during convulsions. 

The intracardiac circulation of blood in this case (Fig. 9) undoubt- 
edly involves a free mixing of tlie arterial and venous blood before 
it is sent out into the systemic bed. In a resting state of the patient 
cyanosis does not occur, probably because of the insufficient oxygen- 
unsaturation of the peripheral blood, or of the high ‘‘threshold 
value” in this particular case on account of its dark coloration of 
the skin. However, when the oxygen-unsaturation is raised above 
this “threshold value,” as during convulsions, cyanosis occurs. The 
finding of partial atelectasis and pneumonia in the azygos lobe of 
the lung may contribute in a slight degree to the production of 
cyanosis in this case. Thus, in the terms of Lundsgaard and Van 
Slyke,® the cyanosis in our patient is mainly produced by the a and 
D factors, and slightly by the /-factor. 

Summary and Conclusions 

An unusually rare case of congenital anomaly of the heart with 
persistence and detorsion of the bulbus cordis, partial transposition 
of the aorta, septal defects, patent ductus arteriosus, sinistroposi- 
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tion of the right auricle and right aortic arch is described in detail. 
Anomalies of the coronary arteries and of the lung are also noted. 

It is suggested that the interventricular septum develops from 
the bulboventricular ridge of the early embryonic heart. With the 
arrest of growth of the cardiac bulbus resulting in a lack of down- 
ward displacement of the right ventricle, which is developed from 
the cardiac bulbus, and a lack of descent and detorsion of the aortic 
bulbus, the almost horizontal position of the interventricular sep- 
tum, the high level of the orifices of the arterial trunks and the coni- 
cal shape of the right ventricles are explained. 

Clinically, there are remarkably few physical signs, so that an 
exact ante mortem recognition of this condition is almost impossi- 
ble. Cyanosis occurs only during physical exertion. 

Note: The author wishes to acknowledge his indebtedness to 
Dr. I. C. Wen, of the Department of Anatomy, and Dr. C. E, Fork- 
ner, of the Department of Medicine, Peiping Union Medical College, 
Peiping, China, for valuable criticisms in the preparation of this 
paper. 
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KEY TO THE PLATES 


A 0 = Aorta 
B S = Bulbar septum 
D A = Ductus arteriosus 
D I = Diaphragmatic surface 
F 0 = Foramen ovale 
I C = Inferior vena cava 
L A = Left auricle 
L I = Left innominate artery 
L P = Left pulmonary artery 
L V = Left ventricle 
M A = Acute margin 
M O = Obtuse margin 
M V = Mitral valve 


P A = Pulmonary artery 
P V = Pulmonary vein 
R A = Right auricle 
R C = Right carotid artery 
R S = Right subclavian artery 
R V = Right ventricle 
S I = Septum primum 
S 11= Septum secundum 
S C = Superior vena cava 
S C = Sternocostal surface (in Fig. 7 only) 
T O = Tricuspid orifice 
T V = Tricuspid valve 
V S = Interventricular septum 
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Plate 47 

Fig. I. Sternocostal surface showing origin, position and course of aorta in 
relation to pulmonary artery and trachea, the sinistroposition of the right 
auricle and the general shape of the heart. 

Fig. 2. Diaphragmatic surface. 

Fig. 3. Acute margin. 







Plate 48 

Fig. 4. Showing interior of left auricle and left ventricle. 

Fig. 5. Showing the left and right ventricle, the interventricular septum with 
its defect and the origin of the arterial trunks from the right ventricle. 

Fig. 6. Showing the interior of the heart. 

1 = Pulmonarj’^ artery 7 = Bulbar septum 

2 = .Aorta 8 = Interoventricular septum 

3 = Right ventricle 9 = Papillary muscle to mitral valve 

4 = Left ventricle 10 = Interauricular septum 

5 = Right auricle 11= Pulmonary vein 

6 = Left auricle 









Plate 49 

Fig. 7. Diagrammatic representation of the distribution of the ventricular 
branches of the coronar}'^ arter}^ 

1 = Right coronary arter)' 6 = Marginal branch 

2 = Infundibular branch 7 = Posterior descending ramus 

3 = Anterior descending ramus S = Posterior rami of left ventricle 

4 = Anterior ramus 9 = Terminal branch of circumflex 

5 = Circumflex branch 

Fig. 8. (A) = Position of aortic A, and pulmonary F, orifices in heart of early 
embryo. 

(B) = Position of A and P in heart of author’s case. 

(C) = Position of A and P in heart of normal person. 

Fig. 9. Diagrammatic representation of intracardiac circulation of blood. 
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SACROCOCCYGEAL TERATOMA* 

REPORT OF A CASE 
Raymond S. Rosedale, M.D. 

{From the Department of Pathology, Buffalo City Hospital, and, the University of 
Buffalo Medical School, Buffalo, N. Y.) 

Sacrococcygeal teratomas are reported in the literature at regular 
intervals. The histological characteristics determining the nature 
of this tumor are definite, but the exact embryological origin is still 
a matter not entirely clear. We present here the study of one such 
case that came to autopsy in the Buffalo City Hospital. 

Report of Case 

Clinical History: On Oct. 26, 1932, a Polish female entered the Buffalo City 
Hospital in the first stage of labor. In her 29 months of married life she had 
given birth to one normal child. There were no miscarriages. The last menstrual 
period began on March 29, 1932. In the latter part of pregnancy “multiple 
fetal parts” were noted and a diagnosis of twin pregnancy was made. The 
patient was one of twins and has two other twin sisters. This is of special interest 
when one considers the bigerminal theory of origin of teratomas. Labor lasted 
18 hours and the fetus with a large sacral tumor was born dead. 

Autopsy Protocol ^ 

The autopsy was performed 27 hours after birth of the infant. 
The body was that of a white female infant weighing 6 pounds and 
measuring 34 cm. from vertex to coccyx, and 48 cm. total length. 
There was pitting edema of both lower extremities. 

A large, globular, somewhat pear-shaped tumor mass was present 
over the buttocks, extending into the perineum posterior to the anal 
orifice (Figs, i and 2). This mass measured 9 by 12 cm. in its 
greatest diameter. On mesial section it was noted that a narrow 
portion near the rectal triangle was 2 cm. in diameter. The con- 
sistence of the tumor was firm and it was covered by skin which, at 
the upper extremity, was very thin. On section the tumor was soft, 
gray, friable, gelatinous and brain-like, with areas of hemorrhage. 
Many cystic clefts were scattered over the cut surface, some of 
which contained a clear straw-colored fluid. Strands of white fibrous 

* Received for publication August 25, 1934. 
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tissue coursed irregularly over the cut surface and small, irregular, 
calcified fragments were encountered on sectioning. The tumor mass 
was found to fuse, by means of an isthmus, with a second cystic 
tumor mass occupying the true pelvis. This latter tumor measured 
3.5 cm. in diameter and was firmly amalgamated with the rectum 
anteriorly, while posteriorly its capsule was loosely blended with the 
presacral fascia. The connection between the two masses was more 
like a compressed portion of one tumor, the pelvic portion compress- 
ing the rectum, vagina and urethra. The fundus uteri was elevated 
above the pelvic brim and the ureters, sigmoid colon and rectum 
were displaced anteriorly, while posteriorly the iliac veins were com- 
pressed. Definite organ rudiments or distinctive tissue elements 
could not be recognized in the tumor. 

The peritoneal cavity contained 20 cc. of clear, straw-colored 
fluid. The heart was not remarkable. The lungs were atelectatic. 
The splenic capsule was fibrously thickened. The renal pelves were 
dilated and thin-waUed. 

Microscopic Examination 

Numerous tissue blocks were made from various parts of the 
tumor. These were embedded in paraffin and sections stained 
by the hematoxylin-eosin, Unna orcein. Van Giesen, scharlach R, 
Spielmeyer, Holzer, and Bielschowski methods. 

Tissue representatives from all three primary germ layers were 
recognized in the form of definite nests of squamous-ceUed epithe- 
lium, fibrous connective tissue, bundles of smooth muscle, cartilage, 
mucus-secreting, cuboidal-columnar cells arranged in small alveoli, 
transitional epithelium, adipose tissue and osteoid matrix. In one 
section an island of cartilage 5delded gradually by metaplasia to 
fibrous connective tissue. A partly calcified osteoid matrix in an- 
other section exhibited a central reticulated area containing large, 
thin-walled capillaries, with small concentrations of erythropoietic 
cells, i.e. immature megaloblasts, erythroblasts and macronormo- 
cytes. 

The many cysts were of varying shape and size. Their lining 
cells were of two types. In the larger cysts they were small, roimd or 
cuboidal, with scant C3^oplasm and nuclei which were stained 
deeply with hematoxylin; these cells were disposed mostly in two 
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and sometimes three layers, the deeper ones being smaller and less 
differentiated. There were many papillary projections of the cellu- 
lar linings. In cross-sections of the villous processes the investing 
cells were cylindrical or somewhat fusiform, with a single nucleus 
situated at their basal poles. Thin-walled, blood-containing capil- 
laries were in intimate contact with their centripetal ends, and a 
fine fibrous connective tissue reticulum formed their supporting 
stalk. This picture was suggestive of epend5ana and choroid plexus. 
The other type of cyst was smaller, did not have papillary processes 
and its cells were palisaded in layers, with clearer, lighter staining 
nuclei containing several nucleoli, and their cytoplasm was more 
abundant and irregular. The stroma around these cystic areas was 
a loosely meshed, eosinophilic, fine fibrillar net. This at times was 
quite a prominent element in many sections. The cells enmeshed 
in the network were of two t3q)es; one had a round, deeply staining 
nucleus, while the other possessed an ovoid, larger and relatively 
clear nucleus with a dark nucleolus. The Bielschowski stain re- 
vealed some fibrils with intimately incorporated fine brown granules. 
At times these cells exhibited one or two, short, conical cytoplasmic 
processes and in a general way suggested glia cells. 

Somewhat similar cells with little cytoplasm and a large, ovoid 
clear nucleus with a large, eccentrically placed nucleolus were seen 
in another section of the tumor. In the Bielschowski silver impreg- 
nated sections some of these showed a black, single, axon-like 
process, and at the other pole three or four finer dendritic proc- 
esses suggesting sympathetic ganglia. 

The sections through the tumormass at the point of its attachment 
to the rectum revealed a defect involving all the muscular layers. 
A fibrous connective tissue filled this defect, extending apparently 
from the muscularis mucosae, merging gradually into the pelvic 
tumor described above. 

The presence of derivatives from all three germinal layers classi- 
fies this tumor as a teratoma. 

Discussion 

Sacrococcygeal teratomas are fairly well known. Pandalai, 
Forsyth and Stewart ^ in 1924 reported an intrapelvic teratoma in 
a 12 months old infant. The tumor had extended beneath the right 
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gluteus maximus. The dominant tissue elements were those re- 
sembling glia and choroid plexus. 

Stewart, Alter and Craig ^ reported a sacrococcygeal teratoma 
in an infant aged 2 years and 11 months. This had become carcino- 
matous and had metastasized to the liver, lungs and inguinal lymph 
nodes. Sawday ^ reported a postrectal teratoma in a 4 year old 
child. This was removed surgically and the child died a uremic 
death within i month. 

Keen and Coplin ^ in 1906 reported a sacrococcygeal teratoma in 
a 2 year old child. This tumor had an opening entirely through the 
sacrum, and communicating with this and the rectum there was a 
sinus which somewhat resembled a bronchus in structure. 

Rosenbaum ® reported the successful removal of a teratoma weigh- 
ing 2 pounds from a 18 day old infant. This tumor apparently 
originated in the sacrococcygeal region. Leopold and Phillips ° 
briefly described a retrorectal teratoma in 1906. 

Davis ^ reported the case of a newborn infant with a pelvic tera- 
toma that had invaded the perineum. 

Parin ® collected 16 reported cases which were considered to be 
congenital presacral tumors. These were reported between the 
years 1900 and 1909. Fifteen of them would definitely appear to 
be teratomas in relation to the rectum, sacrum or coccyx. He also 
cited 6 reported cases which were interpreted to have undergone 
malignant transformation with metastases. 

Thompson ^ reported the successful removal of an intra- and 
extracoccygeal tumor the size of a cocoanut from a 6 months old 
infant, with no recurrence at the end of 2 years. 

Hansmann has reported a teratoma anterior to the sacrum in 
a newborn infant which, with 15 collected reported cases, he thought 
originated from the neurenteric canal. Hansmann and Beme,^^ in 
describing an additional case in 1932, tabulated the salient features 
of 25 retrorectal sacrococcygeal teratomas. These had been re- 
ported by various authors from 1924 to 1930. One, after surgical 
removal from a 31 year old female, recurred with metastases. 

Incidence 

Infants bom with pelvic teratomas are considered monstrosities. 
According to Marchand^ (quoted by Keibel and Mall), 615 mon- 
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sters were found in 81,817 births. The percentage of sacrococcygeal 
teratomas was not stated. 

Calbet^^ found sacral tumors (all varieties) to occur once in 
34,582 births. Galletly^'^ stated that Kiderlen in 1889 collected 122 
cases of completely or partially presacral congenital teratomas from 
the hterature. 

In the Buffalo City Hospital from 1921 to 1933 there were 
5424 births, 8 of which were monstrosities. Only i teratoma is re- 
corded. 

Ewing writes that one-third of fetuses with sacrococcygeal 
teratoid tumors are bom dead, and 90 per cent of the others die soon 
after birth. 


Theories of Origin 

The various theories regarding the origin of these tumors include: 

(^) Adami’s theory of continued growth of totipotential cells 
at the inferior growing point. 

(B) The imrelated individual development of a blastomere which 
has been isolated during segmentation of the ovum. 

In regard to theory (B) Hansmann and Berne stated that dis- 
orderly growth of tissue in the presacral region occurs later in fetal 
hfe and, therefore, is a more likely cause. 

(C) The extmsion of an impregnated polar body. 

(D) Herrmann and Toumeux^^ thought that nerve tissue was 
derived from a persistence of the medullary coccygeal vestige and 
that ependyma and neurogha proliferation could give rise to cystic 
and adenomatous growths. 

(E) Bonney’s theory of inferior dichotomy of the fetal axis. 

Bucy and Haymdnd,^® in reporting a lumbosacral teratoma as- 
sociated with spina bifida, thought that it was a “twin,” whose de- 
velopment had been partially inhibited, assiuning that a “division 
of the ovum might have occurred at any time during the presence 
of the primitive streak, i.e. up to the fourth week following fertili- 
zation.” 

(F) Borst thought that coccygeal remnants might be trans- 
planted to the ventral side of the sacrum and give rise to teratomas. 

(G) The theory oi fetus inclusio fetalis has been referred to as the 
cause of sacrococcygeal teratoma by Hirst and Piersol,^^ McFar- 
land ,22 Payne ,23 Cutler, 2^ and Williams .25 regard to bigerminal 
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ifeltis inclusio fetalis) and monogerminal origin, Ziegler^® makes the 
following anatomical distinction: “If a teratoma can be found to 
contain very diverse tissue formation which, at least in part, may 
be identified as representing rudiments of organs, or perhaps even 
fully developed organs which, however, are superfluous for the 
individual in whom they are found, we may consider such a tumor 
as a heterochthonous teratoma, or as a bigerminal implantation, f.e., 
as a rudimentary Uvin which is more or less completely enveloped 
by the well-developed tmn. On the other hand, if the teratoma con- 
tains only diverse tissues and cysts whose production does not neces- 
sarily imply the existence of a second division, the tumor may be 
looked upon as autochthonous teratoma, or as a monogerminal 
implantation.” Montgomery,^ in a paper concerning a sacral 
teratoma which contained a scapula, has reiterated this principle. 

In this regard it has been mentioned above that the mother of the 
infant in our case was a twin sister and had other twin sisters. The 
family history of twin pregnancies and the form of the external 
tumor of the infant might suggest that it was of heterochthonous 
origin, but both gross and microscopic study refute any such in- 
ference. 

{H) Budde has advanced the theory that the internal teratomas 
are genuine tumors which result from infoldings of the three primary 
germinal layers with the division of the blastopore. This theory 
could explain the origin of the various teratomas such as mediastinal, 
lumbosacral, sacral, cervical, and so on, which originate in the mid- 
fine. They are most apt to arise when organs or organ systems are 
budding. The same author also considers that only the external 
malformations are rudiments of twins. 

{I) Theories of origin from the fast growing structures of the 
caudal extremity of the early embryo. The intimate relation of the 
neurenteric canal, i.e. the channel connecting the alimentary canal 
and neural tube, the postanal gut and the coccygeal remnants of the 
neural tube are well described by Grosser, Lewis and McMurrich.^® 
These structures are considered by many adherents to the mono- 
germinal theory to be a fruitful source of sacrococcygeal teratomas. 
Middeldorpf first attributed the origin of sacrococcygeal teratoma 
to the postanal gut. He described a cystic fatty tumor containing 
a structure resembling intestine. This was adherent to the rectum 
and had an external opening. Bland-Sutton^^ also thought that 
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retrorectal sacrococcygeal teratomas arose from the postanal gut. 
Hundling''*- concluded tliat “remains of the lower neural canal and 
the postanal gut appear to form the basis for many of the ventral 
tumors,” and that all Uie body tissues may be represented. 

Galletly included the neurenteric canal as a possible source of 
origin of congenital presacral tumors. Hansmann believed that the 
neurenteric canal or its remnants are a source of these tumors and 
found tliat they were in relation to tlie spinal canal, either intra- or 
extradural, and associated with anterior sacral defects. He recog- 
nized tliat tissue from the filum terminale could produce similar 
tumors. Hansmann and Berne implied that definite proof of origin 
in tlie neurenteric canal could be predicated upon the presence of 
an anterior sacral defect. Ewng supports the neurenteric canal 
theory in quoting tlie cases of Hildebrand, Jasterboff and Ritschl, 
and von Bergmann. 

The tumor in our case did not contain organs or any well formed 
rudiments of organs and, therefore, it is assumed to be of monogermi- 
nal or autochthonous origin. It was large and well encapsulated, 
filling the pelvis, and extended out into the perineum. Anterior 
sacral defects were not present, nor was there any connection with 
the spinal cord, its terminations or coverings. Therefore, it is not 
likely to have originated from the neurenteric canal. 

The tumor was attached deeply into the posterior wall of the 
rectum at a site which approximated the junction of the embryonic 
postanal gut ivith the primitive gut. The hjqiothesis that the tumor 
originated solely from the postanal gut is opposed by absence of in- 
testinal mucosa in the tumor or its pedicle. Budde’s concept of the 
infoldings of the primary germinal layers could be considered as ex- 
plaining the complex histological picture. However, the attachment 
of the tumor to the rectum cannot be dismissed summarily. It is 
felt that in some way the postanal gut was involved in a snaring-off 
process with complexes of cells from other tissues. This probably 
occurred during the full embryological development of the postanal 
gut. 

With the recession and disappearance of the postanal gut, which 
is a normal embryological process, the tumor attachment was car- 
ried into the rectal wall. In the meantime the comphcated cell com- 
plexes continued to proliferate and ultimately formed the intricate 
teratoma found at autopsy. 
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SUMIIARY AND CONCLUSIONS 

1. A case of a large, intra- and extrapelvic teratoma in a newborn 
infant is presented, the gross and histological findings being re- 
viewed in detail. 

2. Some of the literature concerning the incidence and theories 
of genesis is briefly reviewed. 

3. There are criteria suggesting that the tumor in the presented 
case originated in relation to the embryonic postanal gut. 

Note: The author wishes to express appreciation to Dr. Wm. F. 
Jacobs for his helpful criticism of the material in this paper. 
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Plate 50 

Fig. I. Anterior view of fetus showing attachment of tumor. 

Fig. 2. Lateral aspect of tumor mass. Note edema of lower extremities. 
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INTERVENTRICULAR SEPTAL DEFECT, DEXTROPOSITION OF 
AORTA, AND DILATATION OF PULMONARY ARTERY * 

REPORT OF A CASE WITH STRUCTURAL PATHOGENESIS 
Raymond S. Rosedale, M.D. 

{From the Department of Pathology, Bujffalo City Hospital, and the University of 
Buffalo Medical School, Buffalo, N. Y-) 


Defects of the interventricular septum are not rare, their reported 
incidence varying from 225 cases in a statistical study of 850 
cardiac anomalies,^ to 5 in 753 cases.^ 

The combination of interventricular septal defect, dextroposition 
of the aorta and dilatation with h3^ertrophy of the pulmonary 
artery is “extremely rare,” according to Baumgartner and Abbott.® 
Abbott has christened this association of defects the “Eisenmenger 
complex” because it was first described by Eisenmenger in 1897.^ 
Search of the hterature has revealed only one other similar case, 
which also has been published by Abbott.® It therefore is our pur- 
pose to report this as another case of what apparently is a very un- 
usual condition. 


Report of Case 

Clinical History; E. M., a white male, 10 years of age, admitted to the 
Buffalo City Hospital April 25, 1933, had been under observation in the hospital 
in both in and out-patient departments, for 4 years. His mother stated that 
there was transient “blueness” at birth. Since this time cyanosis and dyspnea 
have been manifested consistently with exercise or fright. He always has had 
a “shiny red complexion.” Past illnesses were pertussis, measles, mumps and 
scarlet fever; the only operation was a tonsillectomy. There was jaundice for 
a week some years prior to admission. 

Physical examinations made at intervals revealed the following: The right 
chest wall bulged somewhat anteriorly. The apical impulse, which was diffuse, 
was just medial to the right midclavicular line. Cardiac dullness extended i 
cm. beyond the left parasternal line. There was an apical systolic murmur and 
a snapping second sound in the mitral area. Moderate clubbing of the fingers 
was present. There was circumoral pallor, in contrast to cyanosis of the nail 
beds, ear lobes and mucous membranes of the mouth and lips. There were some 
carious teeth and gingivitis. 

* This case was reported in abstract before the Buffalo Pathological Society, 
October 29, 1933. 
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Laboratory Studies: The red blood cell count was 5,120,000 per emm,, hemo- 
globin 80 per cent (Sahli). Urinalysis was negative three times and once showed 
2 plus albumin and many hyaline casts. 

Electrocardiograms exhibited an inverted T vmve in lead i, partial invemion 
of the Q. R. S., and left ventricular preponderance in leads ii and in. Im- 
pression: congenital dextrocardia plus an enlarged left ventricle resulting from 
some congenital defect other than that of location. 

X-ray, i year prior to last hospital admission, seven foot plate: Gt. Vs. 5.8; 
M. L. 7.7; M. R. 4.1; longitudinal 11.8; transverse ii. 8 and thoracic diameter 
21.2 cm. Diagnosis: dextrocardia. Previous X-ray studies since 1929 were the 
same, except for smaller dimensions. 

The patient had been in his usual state of health until 2 days before admis- 
sion to the hospital when he suddenly felt dizzy, weak and cold. Because of 
extreme cyanosis he was placed in bed the next day by his mother and the fol- 
lowing day brought to the hospital. 

In the hospital he complained of soreness of the throat and sh'ght pain in the 
left ear. The throat was slightly reddened and the left ear negative. He had 
severe attacks of dyspnea and cyanosis, and the character of the cardiac mur- 
murs changed. The liver became palpable 2 finger breadths below the costal 
margin. Death occurred the third day following a particularly severe interval 
of cyanosis and dyspnea. The temperature varied from 99.4° to 103.8° F., the 
pulse from 100 to 144 per minute, and the respirations from 26 to 38. 

Autopsy Report 

The autopsy was performed 2| hours after death. The body 
weighed 70 pounds and was 120 cm. in length. There was marked 
lividity of the ear lobes, lips and nails. The fingers were slightly 
clubbed. There were some anomalous lobes of both lungs. The 
spleen and liver and gEistro-intestinal tract were passively congested. 

Anatomical Diagnoses: (1) Interventricular septal defect, dextro- 
position of the aorta, hypertrophy and dilatation of the pulmonary 
artery, patent foramen ovale, dexlroversio cordis, persistence of an 
enlarged but obliterated ductus arteriosus, anomalous great vessels. 
(2) Hypertrophy and dilatation of both ventricles. (3) Coronary 
thrombosis. (4) Passive congestion of the liver, spleen and gastro- 
intestinal tract. 

Description of Heart 

The heart in situ was roughly quadrilateral in shape. Ri position 
it was so situated that its apex and slightly more than one-half of 
its presenting surface was to the right of the midline. Its long axis 
crossed the midline obliquely in a plane extending from the left mid- 
clavicular point to the middle of Poupart’s ligament on the right. 
The base of the heart was approximately at right angles to the mid- 
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line. When viewed from the front the base had a pointed appear- 
ance because of the great hypertrophy of the infundibulum. The 
anterior surfaces of the right and left ventricles presented to an 
equal degree. Posteriorly the left ventricle, and some of the right, 
were in relation to the dome of the diaphragm. 

The heart weighed 310 gm. The myocardium was firm and deep 
red in color. The walls of the right and left ventricles measured 
respectively 1.5 and 1.8 cm. in thickness. The musculature of the 
infundibulum was especially hypertrophied. The right ventricular 
cavity was approximately one-third larger than the left. The tra- 
beculae cameae in both, especially the right, were greatly hyper- 
trophied. 

In what would correspond to the dorsal and superior part of the 
interventricular septum of the normal heart there was a defect 
measuring 3 by 2.5 cm. The borders of this were rounded. The 
anterior and interior parts of the septum were well formed, fleshy, 
and measured 1.2 cm. in thickness and 1.4 cm. anteroposteriorly. The 
anterior part of the septum was arched in the form of a ridge, pos- 
teriorly, superiorly and to the right, thus bounding these aspects 
of the interventricular foramen. This fleshy band just described 
was continuous with the posterior wall of the conus of the right 
ventricle (Fig. 3). The superior border was 1.4 cm. in thickness. 
Viewed thus from the right, the superior and posterior boundary 
of the interventricular foramen partly separated the cavity of the 
right ventricle from the aortic vestibule of the left; it also partly 
obstructed the dextroposed aortic outlet. 

From the left side the interventricular foramen faced directly 
into the chamber of the right ventricle and upward into the aortic 
vestibule. 

There was no membranous portion of the interventricular septum. 
There was the normal fibrous attachment, that is, the remnant of 
the embryonic aortopulmonary septum, between the first part of 
the pulmonary artery and the aorta. This was continued into the 
fleshy superior border of the interventricular foramen, where it 
ended abruptly (Fig. 3). The fibrous remnant of the aortopul- 
monary septum was continuous with the atrioventricular fibrous 
rings, as it normally is. 

The tricuspid orifice was 8.7 cm. in circumference. There were 
three, well formed, normally disposed cusps. These were attached 
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to an enlarged papillary muscle in the floor of the right ventricle. 
The medial cusp was attached also by a muscular band 1.5 mm. 
thick to the inferior right margin of the interventricular foramen 
(Fig. 3) , and by an elongated chorda tendinea which traversed the 
interventricular foramen to be attached to a small, medially situated 
papillary muscle on the posterior wall of tlie left ventricle. There 
was a slight amount of fibrous thickening of the posterior cusp of 
the tricuspid and the endocardium of the right auricle. 

The right auricle was capacious. The right aiuricular appendage 
measured 6 by 6.6 cm. in its greatest diameters, and its musculi 
pectinati were enlarged. 

The mitral valve ring measured 7.2 cm. in circumference. The 
cusps, chordae tendineae and papillary muscles were situated nor- 
mally. The latter were moderately hypertrophied. The left auricular 
appendage measured 3 by 3.2 cm. in its greatest diameter; its 
musculi pectinati were about one-third as thick as those of the right 
auricular appendage. 

There was a patent foramen ovale. This measured 0.5 by i cm. 
in its greatest diameter, and passed obliquely through the interatrial 
septum. Its borders on the right were raised and well rounded. Its 
left orifice was partly obstructed by two diametrically situated 
muscle bands (Fig. 2). 

The pulmonary artery arose in normal position from the hyper- 
trophied infundibulimi of the right ventricle. The pulmonic orifice 
and artery respectively were 7 and 8.3 cm. in circumference, while 
the aortic orifice and ascending aorta, at a corresponding level, 
measured 4.3 and 4.2 cm. in circumference. The walls of the aorta 
and pulmonary artery were respectively 1.3 and 2.2 mm. in 
thickness. 

The great arteries arising from the aortic arch were anomalous, 
falling somewhat into the fifth class of anomalous arteries described 
by Piersol. A non-patent ductus arteriosus measured 2 by 0.4 cm. 

The coronary arteries were normally distributed. The posterior 
descending ramus of the left contained adherent thrombus. 

Discussion 

In attempting to explain the genesis of the principal anomalies 
presented here, a good understanding of the embryology of the 
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human heart, particularly of the formation of the interventricular 
septum, is necessary. Practical knowledge of this sort is probably 
best acquired in studjdng the hearts of serially sectioned young 
human embryos. Such were used by the author recently in making 
Born wax-plate serial reconstruction models of the heart and en- 
docardial cushions.'* 

The bulk of the interventricular septum is derived from the sep- 
tum inferius. This appears as a myocardial ridge on the ventral 
caudal wall of the common ventricle about the fourth week of em- 
bryological development. It grows dorsaUy and cranially, the ven- 
tral and dorsal tips developing faster than the central portion, which 
consequently is concave toward the axis of extension. It possesses 
a single layer of endothelium which is continuous with that of the 
muscular trabeculae. The central, concave free edge of the primary 
interventricular septum is joined in part by the fused atrioventricu- 
lar endocardial cushion mass, the proximal bulbar septum and the 
aortopulmonary septum. This central portion is recognized in the 
fully formed heart as the pars membranaceum, the undefended 
space, or Peacock’s septum. 

According to Tandler,^ the anterior or ventral bulbar swelling, 
or the prolongation of the concave lower edge of the proximal bulbar 
septum, becomes continuous with the ventral prolongation of the 
septum inferius. The dorsal prolongation, the bulbar swelling B, 
grows to the right of the tubercle of the anterior endocardial cushion 
and is broadened and flattened. The interventricular foramen at 
this stage is boimded as follows. “If one follows the margin of the 
foramen interventriculaire, beginning with the posterior prolonga- 
tion of the septum bulbi, it is found to be a spiral ridge that runs 
upward along the free concave border of the proximal septum bulbi, 
passing anteriorly into the edge of the septum interventriculaire, 
then along this downward and backward and finally upward again, 
to terminate at the right tubercle of the posterior endocardial 
cushion. . . . The opening so bounded unites not only the two 
ventricles, but also leads upward and to the right into the pulmonary 
artery and to the left and upward into the aorta.” 

Tandler explains the actual closure of the interventricular fora- 
men through downgrowth of the proximal bulbar septum to reach 
the septum mferius, the right ends of the fused atrioventricular 
cushions contributmg to a degree that cannot be estimated. 
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Laubry and Pezzi ® in their lucid description add two factors to 
the simple mechanism of closure of the interventricular foramen 
described by Tandler, viz. thickening of the interventricular septum 
and a “budding” of the fused endocardial cushions. 

Mall ^ states that the aortopulmonary septum blends with the 
cushions through a dorso-lateral wing, which is divided to encircle 
the right atrioventricular orifice {cf. Tandler). The more cranial 
limb unites with the right lateral endocardial cushion, and the 
caudal one unites with the right lower wing of the anterior endocar- 
dial cushion. This almost complete circling of the right atrioventri- 
cular orifice in the embryo is attested in the adult heart by the blend- 
ing of the septum aortopulmonale (the tendon of the conus — see 
Gray’s Anatomy) with the right atrioventricular fibrous ring at its 
attachment to the medial cusp. He found that the interventricular 
foramen in his embryo No. 353, ii mm., “is bounded above by the 
union of the septum aortopulmonale and the anterior cushion, in 
front by the septum aortopulmonale, behind by the extended por- 
tion of the posterior cushion and below by the muscle of the inter- 
ventricular septum.” As the aortopulmonary septum and the 
septum inferius approach, the vestibule of the aorta is shifted more 
and more to the left, so that when the pars membranacea septi has 
formed, the aortic vestibule is transferred to the left ventricle, leav- 
ing the pulmonary infundibulum in the right ventricle. 

Keith felt that as the infundibulum of the bulbus cordis ex- 
panded, a band of muscle arising from the infimdibular septum fell 
across the interventricular foramen and with the endocardial cush- 
ions occluded it. Careful study of serially sectioned young human 
embryos at our disposal failed to reveal any such bands. 

Frazer believes that the first requirement for separation of the 
ventricles is disappearance of the bulboventricular ridge and a por- 
tion of the adjacent bulbus and ventricular wall. It is his opinion 
that the interventricular foramen never disappears, but remains 
patent as the opening from the left ventricle into the aortic vestibule. 

With the apposition of the atrioventricular endocardial cushions, 
the shifting of the septum inferius to the right, the prolongation of 
the right bulbar ridge and the ablation of the bulboventricular 
ridge, the axis of the aortic channel is directed toward the left ventn- 
cle, which is increasing in size. The fusing lower ends of the prorimal 
bulbar swellings join with the free edge of the septum inferius, to 
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which there is accretion of the trabeculae. Through this process 
the bed of the aortic channel is composed of part of the dorsal atrio- 
ventricular endocardial cushion and the right tubercle of the ventral 
cushion. With further growth of the bulbar swellings, the cranial 
portion of the right atrioventricular orifice is closed and remains as a 
part of the floor of the aortic vestibule, only the caudal portion of the 
right atrioventricular orifice remains as a permanent opening. In 
this manner the septum membranaceum is formed, the aorta is 
directed into the left ventricle and the infimdibulum of the bulb 
remains to conduct blood from the right ventricle into the pulmo- 
nary artery. 

Frazer’s theory, which seems the most logical, would leave one the 
impression that the right ventricle is the truest representative of the 
primary heart tube, while the left ventricle is simply a diverticulum 
of the former, the ostium of the diverticulum being directed from 
the right ventricle into the aortic vestibule. 

Disparity in size of the pulmonary artery and aorta is frequently 
explained as the result of unequal division of the embryonic truncus 
and bulbus arteriosus. In this case, however, the equality of the re- 
mainder of the aorta with the ascending portion attests to an equal 
division of the truncus and bulbus. The cause, therefore, must be 
sought elsewhere. 

One can only speculate as to which factor involved in the closure 
of the interventricular septum has been defective here. The pres- 
ence of normally disposed atrioventricular fibrous rings, valves and 
the intact lower part of the interatrial septum should be predicated 
on the fxflfihnent of most of the growth functions of the endocardial 
cushion material. The fibrous union between the roots of the as- 
cending aorta and pulmonary artery, which is here continued into 
the anterosuperior crescentic margin of the muscular interventricular 
septum, would also suggest that the aortopulmonary septiun had 
developed but failed to reach the interventricular foramen. How- 
ever, such failure alone would not likely give rise to such a large open- 
ing. If one follows Frazer’s theory, the large interventricular fora- 
men could be explained as failure of the lower part of the bulbar 
ridges to fuse. If such occurred, dextroposition of the aorta would 
result from failure of the aortic vestibule to be shifted to the left. 

The partial obstruction of the aortic vestibule by the postero- 
superior border of the interventricular foramen would tend to cause 
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blood to be shunted from the left ventricle into the right, from 
whence its reflux would be partly prevented by the relation of the 
medial tricuspid cusp to the interventricular foramen. The disposal 
of an increased quantity of blood by the right ventricle would lead 
to its dilatation and hypertrophy, and also dilatation and hyper- 
trophy of the pulmonary artery. In this respect the condition is 
much like that described by Abbott,^ who has written “ . . . for 
the pulmonary conus in the case here described is roomy and thick- 
walled, and leads into a very large and greatly dilated pulmonary 
artery (8,5 cm. wide). Both conus and artery have here developed 
as in the normal heart, and have evidently undergone dilatation to 
accommodate the additional volume of blood received from the left 
ventricle through the defect in the left to right shunt that prevailed 
owing to the relatively higher pressure in the left ventricle, while 
the dextroposed aorta received a mixed current of venous and arterial 
blood from both ventricles above which it rides and transmits to the 
systemic circulation, producing a raised oxygen — unsaturation in 
the capillaries there wth resultant cyanosis.” The dextroposed 
aorta was in a position to receive some blood from the right ventricle. 
The amount of venous blood in the systemic circulation would tend 
to be increased with increase of pressure within the right ventricle. 
This would account for cyanosis during exercise. 

Summary and Conclusions 

1. The rare combination of interventricular septal defect and 
hypertrophy and dilatation of the pulmonary artery is presented 
and described. 

2. The theories concerning the formation of the interventricular 
septmn are reviewed. Of these, that advanced by Frazer affords 
a reasonable explanation of the defects in this case. 

Note: The author wishes to express appreciation to Dr. Wm. F. 
Jacobs, Pathologist, Buffalo City Hospital, for helpful criticism, and 
to Dr. W. J. AtweU, Professor of Anatomy, University of Buffalo 
Medical School, for his kind assistance and loan of serially sec- 
tioned human embryos from his collection. 



INTERVENTRICUI-AR SEPTAL DEFECT 


341 


REFERENCES 

1. Abbott, M. E. Congenital cardiac disease. Modern Medicine, Osier, Sir 

Wm., and McCrae, T. Lea & Febiger, Philadelphia, 1927, 4, 612-812. 

2. Houck, G. H. The incidence of cardiac anomalies at the Massachusetts 

General Hospital. J. Technical Methods, 1929, 12, 167-168. 

3. Baumgartner, E. A., and Abbott, M. E. Interventricular septal defect 

with dextroposition of aorta and dilatation of the pulmonary artery 
(“Eisenmenger complex”) terminating by cerebral abscess. Am. J. 
M. Sc., 1929, 177, 639-647. 

4. Eisenmenger, V. Die angeborenen Defecte der Kannnersscheidewand des 

Herzens. Ztschr.f. klin. Med. (jSuppl.), 1897, 32, 1-28. 

5. Abbott, M. E. On the incidence of bacterial inflammatory processes in 

cardio-vascular defects and on malformed semilunar cusps. Ann. Clin. 
Med., 1925, 4, 189-218. 

6. Rosedale, R. S. Some aspects of the embryological development of the 

human heart, with especial reference to the endocardial cushions, and the 
formation of the interventricular septum. Thesis, University of Buffalo, 
1934- 

7. Tandler, J. The development of the heart. Manual of Human Embryol- 

ogy, Keibel, F., and Mall, F. P. J. B. Lippincott Company, Philadelphia, 
1912, 2, 534-570* 

8. Laubry, Ch., and Pezzi, C. Traite des maladies congenitales du coeur. 

J.-B. Bailhere et fils, Paris, 1921, 1-24. 

9. Mall, F. P. On the development of the human heart. Am. J. Anat., 1912, 

13, 249-298. 

10. Keith, A. The Hunterian lectures on malformations of the human heart. 

Lancet, 1909, 2, 3S9-363, 433-435, and 519-523* 

11. Frazer, J. E. The formation of the pars membranacea septi. J. Anat., 

1917, 51, 19-29. 



DESCRIPTION OF PLATES 


Plate 51 

i 

Fig. I. Anterior aspect of heart and lungs. Note the partial turning of the 
heart to the right, its rhomboidal shape and the prominent pulmonary 
infundibulum. The anomalous lung lobes are also apparent. 

Fig. 2. The interventricular septal defect, as seen through the opened left 
ventricle. Note that the chordae tendineae of the medial cusp of the tri- 
cuspid valve are attached in the floor of the defect The hypertrophy of the 
left ventricle wall is evident. 
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Plate 52 

Fig. 3. Intervenlricular septal defect \ne\ved through the opened right ventricle. 
The hypertrophy of the musculature of the right ventricle and pulmonary 
infundibulum is seen. Xote the dextroposed aorta and the obstructing, 
thick posterior wall of the pulmonary infundibulum. There is coarctation 
of the arch of the aorta. Compare the size of the ascending aorta with that 
of the corresponding portion of the pulmonary artery' in Fig. 4. 

Fig. 4. The right ventricle is opened and the walls of the pulmonary infun- 
dibulum spread apart. Compare the diameter and thickness of the pulmo- 
nary artery with that of the aorta in Fig. 3. 
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A MALIGNANT HEMANGIOMA OF THE LUNG WITH 
MULTIPLE METASTASES* 


Ernest M. Hall, M.D. 

{From the Department of Pathology of the University of Southern California School of 

Medicine, and the Los Angeles County General Hospital, Los Angeles, California) 

Malignant hemangiomas with metastases by way of the blood 
stream are extremely rare. Wright/ in 1928, described such a case 
and stated that less than a dozen reports of proved cases of this 
group could be found in the literature. The same statement is true 
today. He reviewed briefly the reports of the following authors: 
Borrmann,^ Ewing/ Shennan/ Homans/ Langhans/ Theile/ and 
Jores.® Attention was called to the fact, however, that of these 
seven reports only the last three qualified as regards malignancy of 
the primary tumor. Wright’s case should be classed with those of 
Langhans, Theile and Jores. Dassel’s ® case should also be included 
in the latter group. 

Schlopsnies,^° in 1930, gave a fairly complete summary of the 
reported cases of multiple angiomatous tumors. The summary 
includes multiple benign angiomas, angiosarcomas, multiple ‘‘sys- 
tem” tumors and malignant metastasizing hemangiomas. He classi- 
fied his own case as an angiosarcoma of the spleen with multiple 
foci confined apparently to the hemopoietic system. In addition 
to this case, the reports of Grabowski,^^ Shennan,^ and WoUstein^^ 
should be included among the hemangiomas with multiple foci but 
histologically benign. It is somewhat doubtful whether or not the 
angiosarcomas should be included in the group of malignant hem- 
angiomas, since many of these may be only vascular sarcomas and 
not true tumors of -the vascular system. 


Report of Case 

Clinical History: L. P., a married, white female, aged 40 years, was seen by 
a physician on Nov. 28, 1933, at which time she complained of severe pain, of 
6 weeks duration, in the right hip; backache, the onset of which was concurrent 
with the last menstrual period 6 weeks previously; weakness, insomm'a, mental 

* Received for publication August 29, 1934. 
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depression and nausea of i weeks duration, with some vomiting. She had had 
influenza in 1918, “heart trouble" and rheumatic fever at 16 years of age. 

Her father had hypertension, and her mother had a manic depressive psy- 
chosis. Her brothers and her husband are living and well. During the past 18 
months the husband had lost his business and at the time of the patient’s illness 
necessities were being provided by other members of the family. Three preg- 
nancies had resulted in three normal deliveries. The children, aged 16, 9 and 
6 years, are normal. 

Physical Examination: This revealed a pale, but v/ell developed, well nour- 
ished woman of about 40 years. The positive findings were mitral stenosis and 
regurgitation, pulse 136, blood pressure 105/88. There was a tiny cervical 
pob'p protruding slightly from the cervical canal. 

Examination of the blood showed a hemoglobin of 40 per cent, red blood 
cells 3,100,000, white blood cells 5600, with the following diiierential count: 
polymorphonuclears 60, lymphocytes 31, monocytes 4, eosinophils 2, and baso- 
phils 2. 

The patient was exhausted by the examination and wept most of the time. 
Her physidan advised rest in bed, preferably in a rest home or sanitarium with 
supportive treatment. Bromides were prescribed as a sedative. 

Course of Illness: On Dec. 2, 1933, the patient was cheerful, "was eating well 
and nausea had disappeared. The pain in her hip v/as reh'eved. The blood 
pressure was 120/84, the pulse 90. Improvement continued until December 
17th. At that time the hemoglobin had risen to 48 per cent and the red blood 
cells w-ere 3,900,000. The pulse had dropped to 88. 

From Dec. 17, 1933 to Jan. 7, 1934, there w’as recurrent pain in the right hip, 
for which it was necessary to use codein, as salicylates failed to reh'eve the pain. 
On January ^th, at 2 A.u., the patient complained of a severe sharp pain in the 
right chest. She was sent to a private hospital where she remained for a week. 
Examination revealed a small area of consolidation at the base of the right 
lung. There were rales over this area and increased density of the mediastinum. 
The patient was dyspneic. The temperature was 100.4° F., the white blood 
count 5800. It was believed by the physician in charge that the patient had 
developed pneumonia, possibly tuberculous in origin. While in the hospital 
the patient’s temperature fluctuated from 101.8° F. to normal. 

On January 13th the patient returned home. Her condition continued 
steadily downward. Three days before death, the physician was permitted to 
call a cardiologist and a surgeon in consultation. A diagnosis of acute cardiac 
decompensation, internal hemorrhage and shock was made. The patient s 
physidan had previously made a tentative diagnosis of a malignant pelvic 
tumor with pulmonary metastases. 

The patient was admitted to the Los Angeles County Hospital where exam- 
ination revealed a pale, sh'ghtly yellowish, dyspneic and extremely weak, white 
female. There was flatness over the chest from the right base to the second rib. 
Breath sounds were distant or absent. The left lung field was resonant. The 
heart was displaced to the right, the rate rapid but regular. Blood pressure 
at this time was 80/40. Examination of the abdomen showed that the liver 
was displaced downward about i inch below the costal border. No masses 
and no tenderness were found. ^ 

It was thought that hemorrhage had taken place into the right pleural 
probably from pulmonary metastases. A thoracentesis yielded 200 cc. of bloody 
fluid, and 150 cc. of air was replaced. 
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A blood examination showed 30 per cent hemoglobin, 2,380,000 red blood 
cells and 14,700 white blood cells. The urine was essentially normal. 

While preparations were being made for a transfusion the patient died 
suddenly. 

Autopsy Report 

The autopsy was performed 3^ hours postmortem. The body 
is that of a well developed, well nourished white female about 40 
years of age. The skin and mucous membranes are pale. The super- 
ficial lymph nodes are not palpable and there is no edema. The 
diaphragm level is at the fifth rib on the right, the sixth rib on the 
left. 

On removing the sternum about 3000 cc. of bloody fluid is found 
in the right pleural cavity and about a liter of somewhat bloody 
fluid is found in the left pleural cavity. 

The pericardium is normal. The heart weighs 240 gm. and is 
normal, except for the right coronary which has no opening into the 
aorta, although the artery, which is smaller than normal, is found 
in the epicardial fat about 1 cm. from the aorta. There is a small 
dimple in the aorta opposite the right aortic cusp at the usual site 
of the coronary orifice. 

[t The right lung is almost completely collapsed; the left lung is 
partially collapsed. The right lung weighs 330 gm. and forms a mass 
a little larger than a man’s fist (Fig. i). All three lobes are quite 
firm, except a small portion of the upper lobe which contains air. 
In the pleura of the interlobar and posterior surfaces of the upper 
lobe, and throughout the middle and lower lobes, are a number of 
raised, reddish black tumor nodules which appear to contain blood. 
These vary from 0.2 to about 1 cm. in diameter. In places, several 
of these nodules are more or less confluent. At the lower border of 
the lower lobe there are several larger, granular red areas covered 
more or less with a buffy coat of fibrin. The largest of these measures 
5 by 1.5 cm. These are angiomatous tumor masses with some hem- 
orrhage into the pulmonary tissue surroimding them. There are 
approximately 50 hemorrhagic nodules scattered throughout the 
pleura. On the cut surface an occasional similar nodule is seen 
deep in the lung tissue, but the greater number are pleural and sub- 
pleural. 

The left lung is slightly larger than the right, but weighs only 
290 gm. About one-third of the upper lobe and a small portion of 
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the upper part of the lower lohe are air-containing. Hemorrhagic 
nodules similar to those described are found throughout the surface 
of the lung but they are not so numerous as in the right lung. In 
the diaphragmatic surface of the lower lobe there is a larger tumor 
measuring 2 by 1.5 by 1.5 cm. Occasional hemorrhagic areas are 
found on the cut surface. Some 20 to 25 pea-sized, hemorrhagic 
tumors are found scattered over the parietal pleura of the right side 
and 12 to 15 similar ones on the left. These are localized over the 
intercostal muscles. 

The spleen weighs 120 gm. The capsule is smooth, the pulp pale 
red with distinct markings. Two small accessory spleens are found 
near the hilum which measure 0.6 and 1.2 cm. respectively. 

The adrenal glands and kidneys are normal. 

The uterus is slighly enlarged. The tip of the cervix is rather 
large with a smooth surface. There is a tiny polyp projecting from 
the cervical canal. The uterine cavity is normal- The ovaries are 
slightly cystic. The tubes are normal. 

The duodenum, bile ducts, stomach and pancreas are normal 
except for marked pallor. 

The liver weighs 1800 gm. In the anterior portion of the liver a 
number of grayish red, poorly defined, metastatic nodules may be 
seen through the capsule. On the under surface, just to the right of 
the gall-bladder, there is an elevated nodule 2 cm. in diameter, 
which is dull red with a few pale gra3dsh areas showing through the 
red background. On the cut surface the nodules vary from 0.3 to 
I cm. in diameter, and show the same mottled reddish gray color. 
The remaining portion of the liver is pale and the markings are 
rather indistinct. The gall-bladder and contents are normal. 

There are a number of small, hemorrhagic tumors in the fat sur- 
rounding the pancreas. None is foimd, however, wit h i n the body 
of the gland itself. Immediately below the head of the pancreas 
there is a firm, roimded mass measuring 8 cm. in diameter and con- 
sisting of a group of 12 to 15 enlarged hemorrhagic l3mph nodes 
surrounded by fibrous fatty tissue. The largest of these nodes 
measures nearly 2 cm. in diameter. Most of them are reddish 
black, due to the large amount of blood present. Several, how- 
ever, show small grayish spots scattered through them, while the 
more cellular ones contain considerable grayish tissue. Similar 
enlarged nodes are found on either side of the aorta almost to the 
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bifurcation. The aorta is somewhat smaller than normal. Oc- 
casional yellowish streaks are seen in the intima. 

The bone marrow of the sternum is pale red and of normal con- 
sistence. 

The dura and leptomeninges are normal. The convolutions over 
the convexity of the brain appear slightly flattened. The brain 
tissue is exceedingly pale. The large vessels at the base of the brain 
are distinctly hypoplastic and show an occasional atheromatous 
spot. 

A rapid frozen section through one of the nodules from the lung 
and also one from the hver revealed cellular angiomatous growths 
showing malignant characteristics. 

Anatomical Diagnoses: Malignant hemangioma of right lung; 
mahgnant hemangioma, metastatic, left lung, parietal pleura, liver 
and retroperitoneal lymph nodes; fatal hemorrhage into right pleu- 
ral cavity; anemia, secondary; congenital malformation of heart 
(imperforate right coronary); hypoplasia of aorta and cerebral 
vessels, and multiple accessory spleens. 

Histological Examination 

Retroperitoneal Lymph Node: The body of the gland is surroimded 
by a dense fibrous capsule. The l3miphoid tissue is completely re- 
placed by a vascular tumor consisting of a cavernous part and a more 
cellular part. In the cavernous part are many large spaces filled 
with red blood cells. These spaces are lined for the most part by 
the usual flattened endothelial cells. The partition walls are rather 
thin in most places, but occasionally spread out into fairly broad 
fibrous bands. An increased proportion of polymorphonuclear 
leukocytes is seen in the spaces among the red blood cells. 

In the cellular part the blood spaces are small and partially or 
whoUy collapsed. Only a few of the open ones contain red blood 
cells. The cells lining these spaces are very atypical. Some are 
more or less elongated, hypertrophied endothehal cells, while others 
are large polygonal cells with oval or spherical nuclei, many of 
which are hyperchromatic (Fig. 3). AU gradations between these 
two extremes may be seen. Surrounding the spaces, or in the more 
cellular areas, the same kind of cell is predominant. Mitoses can 
be foimd in nearly every high power field. In many places the 
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stroma is loose and edematous with abundant fibrin present and 
considerable numbers of polymorphonuclear leukocytes. 

In some of the lymph nodes the tumor tissue is arranged in 
whorls and papillary extensions (Fig. 2). The lymphoid tissue is 
almost wholly replaced by a turbulent-appearing tissue. There are 
numerous smaller and larger blood spaces, some of the latter form- 
ing long sinuous channels among islands and promontories of cellu- 
lar tissue. 

Many nucleated red cells, mostly normoblasts, are found in the 
vascular spaces. In one small space practically fiUed with normo- 
blasts seven cells were counted. Many of these cells show the nuclear 
material broken up and scattered through the cell as dark staining 
fragments. Occasional megaloblasts are seen also. In addition to 
the above, many polymorphonuclear neutrophilic leukocytes are 
present, also moderate numbers of lymphocytes, a few eosinophils 
and occasional basophils. 

Lung (Right): Sections through one of the vascular tumors at the 
base of the right lung show a number of large cavernous spaces in 
the pleura. Cellular, moderately malignant areas, similar to those 
described, border the larger spaces. The partition walls of the large 
sinuses are broken down in some instances and the blood is clotted. 
Over the surface is a layer of fibrin of irregular thickness. It was 
evidently from these large, coalesced blood sinuses that hemorrhage 
occurred into the pleural cavity. 

Moving inward from the periphery one sees a peculiar arrange- 
ment. The blood spaces are relatively small, many of them col- 
lapsed. The open ones contain red blood cells and groups of ex- 
tremely large phagocytic “dust cells,” the latter containing either 
red cells in various stages of disintegration, or coarse clumps of 
brown pigment (hemosiderin). The septa are thick and quite vascu- 
lar. Large, swollen polygonal cells line the spaces. The nuclei are 
large, oval or spherical, and some are hyperchromatic. These areas, 
no doubt, represent collapsed lung in which small hemorrhages have 
occurred because of the presence of metastatic tumor. In addition, 
there is active phagoc3d;osis of red blood cells and all the alveolar 
lining cells appear to be hypertrophied. 

The bronchi are nearly all large and irregular. The lining epi- 
thelial cells show hypertrophy and crowding. Many of the nuclei 
are pyknotic. 
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Liver: The nodules in the liver are roughly spherical and fairly 
weU circumscribed growths having the characteristics of metastatic 
rather than primary tumors. These consist in part of angiomatous 
and cavernous spaces filled with blood and partly of very cellular 
areas similar to those described abovef The angiomatous portion 
gradually merges into the cellular, more mahgnant areas. In some of 
the latter there is a tendency to form a papillary type of growth. In 
one place a medium sized vein (3 mm. greatest diameter) shows 
tumor growing completely through the wall at one side. Tiunor is 
heaped up on the inside of the vessel and spreads along the wall 
for some distance on both sides. At one end of the same vessel a 
similar phenomenon has occmrred. The liver cells are swollen, the 
cytoplasm is finely granular and pale staining. The Kupffer cells 
are normal. 

Spleen: The capsule is of uniform thickness and the trabeculae 
are moderately thick in places. The reticulum is everywhere thick- 
ened and appears to be somewhat edematous. Large, early fibro- 
blastic cells are also present. The littoral cells of the venous sinuses 
are large, with round or plump oval nuclei. Occasional, large, atypi- 
cal tumor cells are found free in the sinuses. The lymphoid foUides 
are rather small. The malpighian arteries are moderately thick- 
ened and show some hyaline degeneration. 

Kidney: Essentially normal. 

Pancreas: Normal. 

Bone Marrow (Sternuui): Stained with Giemsa, many myelo- 
cytes, a moderate number of eosinophilic myelocytes and many 
normoblasts are seen. The red cells show moderate anisocytosis 
and poikilocytosis and tend to be small. Occasional megakaryocjdes 
are seen, and now and then a large irregular cell with oval nudeus, 
which is probably an atypical endothelial cell from one of the malig- 
nant areas. 

Comment 

Wollstein,^^ in 1931, reported a malignant hemangioma of the limg 
in a female infant 4 months and 20 days old. She considers this the 
first case reported in which the principal tumor was found in the 
lung. Although the lung was the organ chiefly involved, it is not 
certain that this was the primary site. Sherman ^ presented an rm- 
usual case, a female, 23 years of age, who had a large angiomatous 
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tumor nodule near the root of the left lung. A larger mass involved 
the superior mediastinum. Because of the greater size of the medi- 
astinal tumor and the peculiar barking cough suggesting mediastinal 
pressure, the author favored the mediastinum rather than the lung 
as the primary site. The spleen was enlarged by the tumor growth, 
and other tumors were found in the thymus, pleurae, mediastinal 
lymph nodes, liver and bone marrow. In Shennan’s case the tumors 
were largely confined to the hemopoietic system, as in most of the 
‘‘multiple foci” tumors. The tumors were histologically benign, 
further evidence in favor of a system disease neoplasm. The patient 
died of hemorrhage into one of the pleural cavities. 

In the author’s case a similar situation is seen in regard to the 
primary tumor as in the 2 cases referred to above. The marked 
dyspnea, the fatal hemorrhage and the more extensive growth of 
the tumor in the right lung point to this organ as the seat of the 
disease. On the other hand, the metastases in the lungs, pleurae and 
liver are more readily explained by assuming the primary growth to 
have been located in the retroperitoneal lymph nodes. The tumor- 
like mass found in the latter situation, together with the history of 
pain in the right hip for a period of 6 weeks, are further pomts in 
favor of this location. It is evident that no definite conclusion can 
be reached in regard to the primary site. 

Regardless of our inability to designate the original growth with 
any degree of certainty, it is quite evident that the greater number 
of angiomatous nodules found in the lungs, pleurae, liver and lymph 
nodes are true metastases. Let us consider the nodules in the liver 
in this respect. The tumor masses all tend to be spherical and the 
surrounding liver tissue is normal except for occasional small hemor- 
rhages. The Kupffer cells particularly show no abnormal changes. 
In the liver metastases both cavernous and cellular an^omatous 
structures are found. The malignant character is evident, not only 
by the anaplasia of the tumor cells, but also by invasion of the wall 
of one of the veins. 

From the foregoing, there would seem to be no escape from the 
conclusion that the multiple tumor foci in this case are. true 
metastases. The characteristics that distinguish a system disease 
tumor, are largely lacking. Although the liver and the retroperito- 
neal lymph nodes are involved, the spleen is not involved and, so 
far as we know, the bone marrow likewise is free. Furthermore, the 
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distinctly malignant appearance of the tumor growth wherever 
encountered is contrary to the usual benign histological character 
of the system disease tumors. 

The presence of congenital anomalies of the circulatory system in 
this patient may have etiological significance. Cohnheim’s theory 
of tumor growth in aberrant or misplaced portions of organs or 
systems, which is well established for certain kinds of tumor, sug- 
gests itself as a probable causative factor. A definite congenital 
anomaly was present in the right coronary artery which failed to 
arise from the aorta in the usual way. A small dimple was present 
at the usual site opposite the right leaflet of the aortic valve. Lack 
of any evidence of syphilitic changes and the presence of only very 
early atheromatous lesions in the aorta make it quite certain that 
the condition is congenital. The aorta was moderately hypoplastic 
and the large cerebral vessels at the base of the brain were distinctly 
smaller than normal. Two small accessory spleens were found at 
the hilum of the main organ. 

Summary 

1. A case of malignant metastasizing hemangioma, of which there 
are less than a dozen true cases in the whole medical literature, is 
reported. 

2. The largest tumor was found in the right lung and death was 
due to hemorrhage into the right pleural cavity. 

3. True metastases consisting of both cavernous and malignant 
cellular areas were found in the lungs, pleurae, retroperitoneal 
lymph nodes and liver. 

4. The type cell is the endothelial cell which forms blood- vascular 
spaces in all the tumor nodules. The cells vary from practically 
normal appearing cells lining the cavernous spaces to extremely 
large atypical cells that almost fill the blood spaces in the more cel- 
lular areas. In the latter the growth is rapid and apparently highly 
malignant. 
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DESCREPTION OF PLATES 
Plate 53 

Fig. I. The collapsed right lung (two-thirds normal size) showing the main 
tumor mass at the base of the lower lobe "ndth hemorrhage into the sur- 
rounding tissue, A number of hemangiomatous nodules are seen in the 
pleura of the upper lobe, also along the lateral border of the lower lobe. 
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Fig. 2. Photomicrograph from section of retroperitoneal lymph node showing 
turbulent papillarj’ t3'pc of growth completclj' replacing the h’mphoid 
tissue. X i6o. 

Fig. 3. Photomicrograph from section of retroperitoneal lymph node showing 
marked anaplasia of the endothelial cells. Several mitotic figures are 
present in this field, but not all are in true focus, x 700. 
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ANTIGROWTH EFFECT OF LIPOID FRACTIONS OF 
TISSUE EXTRACTS * 

F. A. McJunkin, M.D., and J. W. Henry, M.S. 

{From the Department of Pathology, Loyola University School of Medicine, 

Chicago, III.) 

Under the relatively simple conditions that prevail in the culti- 
vation of cells in vitro it has been fully estabhshed that certain con- 
stituents of the tissues and fluids of the body stimulate growth and 
that others inhibit it. Carrel ^ noted that the growth of connective 
tissue was more abundant in the plasma of young chickens than in 
that of older ones and, in 1921, Carrel and Ebeling ^ determined 
that the influence of age, as reflected in the serum of the animal, was 
exerted not by variations of growth-accelerating factors, but by 
fluctuating inhibiting agents. Later, in 1923, the same authors® 
separated the serum into a growth-activating and a growth-inhibit- 
ing fraction by precipitating the former by bubbling carbon dioxide 
through the diluted serum. Actually to accomplish indefinite mul- 
tiplication of fibroblasts in artificial mediums it is required that the 
inhibiting effect of the plasma be counterbalanced by the addition 
of positive stimuh, especially in the form of embryonic juice or 
primary protein derivatives.^’ ® Very potent growth stimufl are 
present in the tissue of Rous chicken sarcoma. Sittenfield and 
Johnson '' showed that the tiunor-producing substance could be 
neutralized by mixing an active filtrate with blood, and subse- 
quently recovered by buffering the mixture to a pH 4.0 and then 
extracting the resultant precipitate at a pH of 8.0 to obtain the 
active tumor agent in solution. This substance that neutralized the 
tumor principle was later found by Sittenfield, Johnson and Jobhng® 
to be confined to the globulin fraction of serum. Information con- 
cerning the growth regulatory mechanism which operates in the 
living animal has been slower to appear. So far as is now known 
tjq)es of growth such as embryonal, regenerative, compensatory and 
even neoplastic, may take place in response to stimulating and re- 

* Aided by a grant from the Committee on Grants-in-Aid of the National Research 
Council. 
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tarding influences analogous to those of the artificial culture. Most 
of the investigative successes have been concerned with inhibiting 
agents. Certain of the hormones, when administered in excess of 
the normal requirements, inhibit multiplication of the cells that 
produce them. Loeb ® found that thyroid feeding of partially thy- 
roidectomized animals inhibited regeneration of the thyroid rem- 
nant. It has been shown by Cameron and Carmichael that thy- 
roxin diminishes not only the growth rate of the thyroid gland but 
of the body as a whole. In our experiments with parathyroid hor- 
mone and insulin the hormones in excess of normal requirements 
were supplied to the animal. Such excesses cause departures from 
the normal metabolism of the animals and the decreased karyokinetic 
rates observed by us may have been secondary to disturbed cell 
nutrition. 

It was considered desirable to examine tissues not known to 
produce internal secretions for the presence of inhibiting agents. 
The kidney was chosen because of its known quick regenerative 
response after unilateral nephrectomy and its great growth activity 
in rats during the first month of life. It was readily demonstrated 
that the kidney contained inhibitory substances which could be 
extracted by dilute acids and by acid alcohol.^^ A quantity of the 
acid alcohol extract equivalent to about 2 gm. of the fresh kidney 
was found to inhibit tubule cell proliferation. In experiments de- 
scribed below, evidence is presented to show that the chief inhibit- 
ing agent is of a lipoid nature, that its distribution is probably wide, 
since it was demonstrated in several tissues, and that it inhibits 
mitotic proliferation, not only of the kidney but also of the liver. 

Method or Bio-Assay 

The technic of determining the proliferative activity of the renal 
epithelium is now essentially the same as that described in the earlier 
report.^® With the munber of litters tested well above 100, it has 
been found that the mother rats should be kept upon an adequate 
commercial mash reinforced by alternate daily feedings of cheese, 
fresh meat or fresh cabbage and during the winter, months with dry 
brewer’s yeast. Litters 18 to 21 days of age are best and at least 
two litter-mates from each litter should be reserved for controls. 
The young rats were injected intraperitoneally and killed 24 hours 
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later. From the formalin-fixed right Iddney there was cut a_3 mm. 
transverse block midway between the two poles. From the^center 
of this block, embedded in parafiin, 8 micron ribbons were cut for 
staining in hematoxylin and eosin. The mitoses of the tubular 
epithehum were counted in two or three sections and, if the varia- 
tions were considerable, several additional sections were examined. 



Chart i 

A-K. inclusive represent doses of lipoid-containing extracts wliich are described in 
the text. All doses were converted to the equivalent amount of fresh tissue represented 
by the extracted material. The percentages from o to 70 represent the reduction of the 
mitotic rate per gram of fresh tissue and are based on results of two or more litter- 
mates injected with the extract. 

Although the procedure gave much uniformity, little or no weight 
was given to minor decreases in the mitotic rate. 

Lipoid Nature of the Inhibiting Agent of Tissue Extracts 

In' several preliminary experiments there were obtained indica- 
tions of acute inhibitory effects following the administration of 
fresh tissues. Fresh macerated rat kidney was thoroughly mixed 
with 2 volumes of physiological saline solution and after standing 
5 minutes the coarse particles were removed by straining through 
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muslin and centrifuging at low speed. The cloudy supernatant 
liquid rich in suspended cells gave marked inhibition (“A/’ Chart i). 
After removal of suspended material by filtration the clear filtrate 
had little effect on the mitoses. Wlien dilute alkali was substituted 
for the physiological saline solution much less inhibition was seen 
(“B,” Chart i) . No attempt was made to explain the low inhibitory 
effect of the alkaline extracts, but in subsequent extractions alkali 
was avoided. The, part played by the suspended cells is discussed 
later in connection with the residue. The efficiency of acid alcohol 
extraction is illustrated in “ C,” Chart i. Unlike the two preceding 
extracts which were cloudy suspensions, Extract “C” was rendered 
perfectly clear by the follomng procedures: fresh kidney pulp was 
mixed with 3 volumes of 0.2 per cent solution of HCl in 60 per cent 
alcohol and allowed to stand for 18 hours. Sufficient alcohol w^as 
then added to raise the alcoholic concentration to 86.6 per cent. 
Separation of the clear extract was obtained by filtration. The 
routine procedure in preparation of this and subsequent extracts 
was to evaporate the solvent by fanning, to suspend the residue in 
distilled water and to adjust the reaction to pH 7.4. Residues of the 
various solvents employed (acetone, chloroform, ^ ether, alcohol) 
were tested to determine the inhibiting effects of their residues. 
Likewise NaCl in excess of that present in any of the extracts was 
injected and found to be non-inhibitory. In Extract “C” not only 
was the potency of the extract foimd to be high but the inhibiting 
substance was shown to be soluble in 86.6 per cent alcohol. Simple 
alcoholic extractions were then made and the amount of inhibitor 
appearing in the extracts was found to increase with the concentra- 
tion of the alcohol (“D” with an alcoholic concentration of 63.3 
per cent, “E” with 86 per cent, and “F” %vith 95 per cent, Chart i)- 
With the data indicating that the inhibiting substance was of a 
lipoid nature, more effective lipoid extractions were inaugurated in 
attempts to increase the yield of inhibitor. A single 7 hour extrac- 
tion of kidney desiccate with chloroform gave only ii per cent in- 
hibition (“G,” Chart i), but a 6 hour extraction wdth warm chloro- 
form in a Soxhlet extractor jdelded a product with a potency of 
31 per cent (“H,” Chart i). Following an initial extraction of kid- 
ney with acetone, Soxhlet extraction with anhydrous ether for 22 
hours gave 17 per cent inhibition Chart i). Acid alcohol ex- 
tracts were almost completely dissolved by chloroform. In one in- 
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Stance 2.03 gm. was removed from 2.18 gm. acid alcohol extract by 
7 hd’irs Soxhlet extraction with anhydrous chloroform. 

Many extractions have been made for the purpose of increasing 
the yield of inhibitor per gram of fresh kidney, Maclean pointed 
out the relative inefficiency of ether or chloroform alone for the re- 
moval of lipoid and called attention to the better 3delds obtained by 
ether (or chloroform) extraction followed by alcohol. After dehydra- 
tion of fresh kidney pulp with 10 volumes of acetone, a combined 
extraction with chloroform and alcohol gave a product causing a 40 
per cent inhibition (“ J,” Chart i). Maclean and Maclean now 
recommend 4 to 6 extractions wth cold absolute alcohol. By this 
method we obtained no greater degree of inhibition (36 per cent). 
Jowett and Lawson^® have recently described a method for the 
quantitative extraction of lipoids by subjecting the powdered ma- 
terial to three i hour extractions with the hot absolute alcohol. We 
first dehydrated by covering the macerated tissue with absolute 
alcohol and then gave the material 6 consecutive i hour extractions 
with hot absolute alcohol. The seven fractions were combined and 
tested. The average inhibition was increased to 68 per cent (“K,” 
Chart i), which is the best result so far obtained. This is the mean 
of an 18 day and a 20 day litter of rats. The details of the 20 day 
litter are given in Table I. It is seen that effective inhibition was 
accomplished by as small an amount of lipoid as that contained in 
0.5 gm, of fresh kidney. 


Type of Lipoid Responsible for the Inhibitory Effect 

Although no systematic attempt has been made to fractionate the 
constituents of the lipoid extract, several of the experiments point 
to the lecithins as the active agent. First the strength of the in- 
hibitor was found to increase in proportion to the efficiency of the 
hpoid extraction. The extracted desiccated material dissolved 
readily in either anhydrous ether or anhydrous chloroform. When 
acetone was used as a dehydrating agent it removed some of the 
inhibitor and it contained not only cholesterol and neutral fat but 
also phosphohpids. In one instance the phosphorus content of the 
acetone fraction was 1.73 per cent. Determinations of N and P in 
the usual ether-alcohol extract of kidney by the Maclean method 
showed an N of 3.12 per cent and a P of 2.79 per cent. Pure cho- 
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lesterol (Koblbaum) in a dose of 120 mg. was devoid of inhibiting 
property while lecithin (practical, Eastman) in a dose of 117 mg. 
produced 56 per cent inhibition, which compared favorably with the 
inhibition produced by the lipoid kidney extract. A pure lecithin * 
which had stood in a desiccator for more than 12 years was toxic 
and lethal to the rat in a dose of 180 mg. and a 11 mg. dose gave 
a 70 per cent inhibition. Hydrolysis had certainly taken place in 

Table I 


Experiment 4g 

Injection of Kidney Lipoid Extract {Jmuett and Lawson Procedure) 


No. of rat 

Age 

Weight at 
injection 

Dosage 

Doiage equiv- 
alent of fresh 
kidney 

Weight at 
autopsy 

Average No. 
mitoses per section 
of kidney 


— 

m- 

m. 

gm. 

gm. 


I 


29.4 

0. 150* 

0.74 

32-4 

13-S 

2 


31-4 

0,030* 

0.15 

34.1 

27-5 

3 

20 

30-4 

0. 210* 

1.04 

31-9 

16.0 

4 

20 

29.0 

0. 267* 

1-39 

29-5 

4-5 

S 

20 

32.8 

0.074* 

0-39 

33-2 

10. 0 

6 

20 

29.0 

o.i7St 

3.01 

28.4 

2.5 

7 

20 

30. s 

o.o88t 

1-50 

31-7 

5-5 

8 

20 

32.3 

0.029! 

0.50 

34.6 

7-5 

9 

20 

31-3 

control 


3S-4 

45-5 

10 

20 

28.4 

control 


31-3 

25.0 


* Residue after removal of lipoid, 
t Lipoid extract. 


this preparation and the observed toxicity suggested the testing of 
choline in the form of the choline hydrochloride. This hydrol)d;ic 
derivative of the lecithins in a ii mg. dose gave an inhibition of 43 
per cent. 

Distribution of the Inhibitory Agent and its 
Lack of Specificity 

A limited investigation of the lipoid inhibitor content of the dif- 
ferent organs was made. Chloroform extraction of rat heart muscle 
was followed by extraction with alcohol, and the two fractions 
tested separately on rat kidney. The former gave an inhibition of 
22.6 per cent and the latter 24 per cent. Fresh rat liver dehydrated 

* Prepared from Brewer’s yeast by Dr. Wm. C. Austin. (See University of 
Chicago Abstracts of Thesis, Science Series, 2, 337.) 
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with acetone was given four successive extractions with absolute 
alcohol for a total of 30 hours and the combined extracts tested on 
rat kidney. The percentage of inliibition was 29.6 per cent. 

A number of determinations of the effect of kidney lipoids upon 
the proliferative activity of the rat liver were made. To do this an 
8 mm. disk of liver for paraffin embedding was cut from the formalin- 
fixed liver and from this paraffin sections were made for staining in 


Table II 
Experiment jp 

Effect of Lipoid Extract of Kidney on the Mitotic Rate of the Liver 


No. of 
rat 

Age 

IVcight at 
injection 

Dosage 

Dosage equiv- 
alent of fresh 
kidney 

Weight at 
autopsy 

Average No. of mitoses 

Kidney 

Liver 


days 

Sm- 

gtn. 

gtn. 

gm. 



I 

21 

43.6 

0.096* 

3-89 

42.4 

14 - S 

17.0 

2 

21 

42.1 

0.024* 

0.97 

44.0 

30 - S 

13-0 

3 

21 

43-9 

o.o 96 t 

0.58 

39-3 

14 - S 

3-0 

4 

21 

40.9 

0.024t 

o-iS 

41.0 

10. 0 

6.0 

5 

21 

46. 1 

control 


49-2 

38.5 

90.0 

6 

21 

46.8 

control 


49.6 

52.5 

23.0 


* Combined ether-alcohol extract. f Residue after removal of lipoids.' 


hematoxylin and eosin. All mitoses in the hepatic cells were enu- 
merated in several sections. Although there was a wider variation 
in the mitotic counts made on the livers of the control animals than 
was noted in the kidneys, conclusive evidence of the inhibitory 
effect of the kidney lipoids upon liver proliferation was found in 
the single experiments and in the average for all the experiments. 
In Table II details of an injected litter are tabulated. 

Inhibitory Activity of the Kidney Eesidues 

When separate extractions permitted it, the various individual 
lipoid fractions were tested and in all experiments the inhibitory 
effects of the residues were determined. Regardless of the method 
of extraction the final residue remained inhibitory. Doubts exist 
in regard to the cause of this inhibition. In a majority of the ex- 
periments the percentage of inhibition shown by sediments was be- 
tween 50 and 70. These residues, of course, contained bulky insolu- 
ble fiber which was present undissolved in the peritoneal cavity 
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at the time of autopsy. The fiber alone caused an inflammatory 
reaction and it was not always free from bacteria.^" The insolubility 
of parts of extracts “A” and “B,” Chart i, may account for some 
of the inhibition that was obtained by these suspensions, Intra- 
pcritoneal injections of physiological saline solution and of low con- 
centrations of certain other salts do not inhibit. This v/as well 
brought out in numerous tests made by us of extracts fractionated 
by isoelectric precipitation. 

Discussion and SuMiiARY 

The literature dealing with the effect of lipoids on growdh is con- 
tradictory. Danilewsky found that tadpoles \wth lecithin added 
to the water in which they were kept increased in v/eight faster than 
control ones kept in ordinary water, but Goldfarb found no evi- 
dence of weight increase brought about by lecithin administration. 
Robertson in mice fed with lecithin observed a decrease in body 
weight. Our rats were always weighed at the time of injection and 
at the time of autopsy but longer observations were not made. At 
the 24 hour period the increase in weight often was somewhat less 
than that of the litter-mates (Table I). Our experiments show that 
the lipoid extracts of the kidney, myocardium and liver exert an 
immediate antigrowth effect on the kidneys and also on the liver. 
As shown in Table 11 , the larger doses almost eliminate mitotic 
division. The evidence now at hand points to the phospholipids as 
the inhibiting agent. Previously, one of us found that a trichlor- 
acetic acid precipitate of an add alcohol extract of kidney which 
was rendered lipoid-free by chloroform extraction inhibited mitotic 
prohferation of the kidney, but the amount of this substance present 
in kidneys is very small since the inhibiting dose was equivalent to 
20 gm. or more of fresh kidney. In unpublished experiments it was 
foxmd that this non-lipoid substance could be obtained equally 
well from the heart muscle and that it also inhibited liver prolif- 
eration. 

An observation on the removal of the inhibiting agent by changes 
in the hydrogen ion concentration of aqueous solutions was made 
many times and may be of significance in explaining the relation 
between the lipoid and protein fractions of the extracts, "^en the 
pH of add aqueous extracts was brought to 8-8,3 by the addition 
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of alkali the clear supernatant liquid was no longer inhibitor}’-, and 
the full inhibiting effect was present in tlie precipitate. We were of 
the opinion that tlie lipoids were thrown out of solution by the iso- 
electric precipitation of the protein. Sittenfield, Johnson and 
Jobling/2 study of Rous sarcoma, held the view that the inhibit- 
ing agent present in filtrates was “apparently combined with the 
globulin fraction.” 

Since a technic such as tliat used by us focuses attention directly 
on the karyokinetic changes, our interest in the nuclear division was 
continuously aroused. In the preceding paragraph the presence in 
the kidney of a non-lipoid inhibiting agent was mentioned, but the 
amount in terms of inhibition per gram of fresh kidney is as small as 
I /40 of that exerted by the extractable lipoid. Also it is clear that 
certain of tlie hormones inhibit proliferation of the cells that pro- 
duce them. It is enticing to look upon the inhibition produced by 
excess insulin, thyroxin, or paratliyroid extract as a display of au- 
tomatic self regulation of growth and metabolic acti-vity. But be- 
cause these substances exert such a profound influence on general 
metabolism, the view is at present speculative. With the phospho- 
lipids forming an integral and necessary part of the various cells 
it may be presumed that under our experimental conditions they 
enter the cells from the blood stream, which carries an excess brought 
about by absorption from the peritoneal cavity of the injected lipoid. 
The way in which the excess lipoid arrests the initiation of new 
mitoses in the cells of the renal tubules is not clearly indicated at 
this time. 

From the experiments presented the conclusions are drawn: 
(i) that the lipoids of organs exert an antigrowth effect on the kidney 
and liver of young rats into which they are injected; (2) that the 
inhibiting effect exerted by the lipoids is a potent one, since the 
quantity contained in 0.5 gm. of fresh kidney is active; (3) that the 
inhibiting substance is probably in the phospholipid fraction; (4) 
that it is not specific and is not limited in its action to one or more 
organs; and (5) that it is widely distributed in the body. 

An explanation of the function of lipoids in the regulation of ceU 
growth must await investigation of other factors concerned in 
nuclear division. 
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CONGENITAL MEGACOLON* 


Lincoln Opper, M.D. 

{From the Department of Pathology, Yale University School of Medicine, 

New Haven, Conn.) 


The object of this paper is to report a case of megacolon congenitmn, 
which in its principal pathogenetic features corresponds exactly 
with Hirschsprung’s classical description of the disease. The case 
is imusual on account of the physical proportions of the patient, 
the long duration of the S3rniptoms, and the definite mechanical re- 
lation of the lesion to the patient’s death. 

To present a comprehensive review of the vast literature since 
1886 in a single report of this nature would be difficult. Briefly, 
however, one should bear in mind three distinct classifications of the 
disease etiology which have grown up in the last half century. There 
are still numerous reports of the clinical histories and autopsy find- 
ings each year in support of Hirschsprung’s pioneer theory that the 
intestinal dilatation and hypertrophy are of a prenatal, develop- 
mental nature which, in its genuine form, is never found to arise 
from an obstruction of a tangible t3pe or from a postnatal lesion. 
Opposed to Hirschsprung’s ^ original theory that the persistent 
constipation which commences shortly after birth is a consequence 
of congenital dilatation and hypertrophy of the colon is Leh- 
mann’s^ contention that the hypertrophy and dilatation must 
necessarily foUow the chronic constipation. This writer, favoring 
the second theory that an organic obstruction, whether in the form 
of anal atresia, valvular closure, tumor or kinking of the distal gut 
is always present, contends that the hypertrophy is of the nature 
of a “work-hypertrophy” and cannot antedate the obstructive con- 
stipation. Aschoff,® too, prefers the concept of “work-h3pertrophy ” 
to explain the pathogenesis of the disease. Actually, in the findings 
of a number of authors, the degree of hypertrophy in the intestinal 
wall decreases from the sigmoid colon to the ileocecal valve, in 
striking analogy to the pyloric hypertrophy which decreases in 
degree from the canalis egestorius to the cardia. 

* Received for publication September ii, 1934. 
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In recent years a tliird viewpoint as to the etiology of megacolon 
has been brought forward, a viewpoint that is entirely in keeping 
with the developing trend toward the neurogenic etiology of disease 
in all departments of medicine. Ogawa suggests a relative insuffi- 
ciency of the intestinal plexuses with subsequent stasis of fecal ma- 
terial, dilatation, and also secondary hypertrophy of the muscle 
layers. Cameron ^ has described absence of the cells of Auerbach’s 
plexus. Dott° and Adamson and Aird^ have performed sympa- 
thectomies for the successful treatment of megacolon, and the 
experimental parasympathectomies of the latter authors, with the 
production of megacolon in cats by affording a preponderant in- 
fluence of the pelvic sympathetic nervous system, are interesting. 
These writers feel that an indisputable argument in favor of a neuro- 
genic ori^n of the disease is the occasional association with it of a 
dilated urinary bladder, the only feature that bladder and lower 
colon share in common being their nerve supply. Neugebauer,* 
who also regards the finding of a dilated urinary bladder as of more 
than incidental importance, seeks an explanation in the develop- 
ment of this organ from the allantois, which in turn originates from 
the anterior wall of the end gut. 

The ingenuity often expressed in neurogenic speculation may be 
recognized in Elnittel’s ° theory of the pathogenesis of megacolon. 
He associates the disease with a general vasoneurotic condition and 
regards it as a vegetative dysergia, a diathesis similar to that which 
is frequently held responsible for gastric ulcer. The microscopic 
capillary findings here, he holds, are generally strongly positive. 

Finney,^® in his monograph on the subject, enumerates nine dif- 
ferent hypotheses suggested by a multitude of workers in their en- 
deavor to explain the etiology of the affection. They are aU more 
or less closely related to the three larger divisions which have been 
mentioned above. 


Report op Case 

Clinical History: The clinical history of the case, which came to autopsy on 
May 30, 1934, was obtained from the Department of Health of Yale College, 
and from the patient’s own physician. From early infancy the patient had 
been afflicted with a markedly distended abdomen which at all times was in 
extreme disproportion to his general physique. The usual history of infrequent 
bowel movements, separated by weeks of constipation and often elicited only 
by cathartic or enema, is given. Nevertheless, the patient reached a height of 
6 feet, was graduated from college, and finally became so accustomed to the 
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difficulties associated with his condition that he came to regard himself as en- 
jojdng relatively good health. The remarkable tolerance of this affection on the 
part of adults has been demonstrated many times. A young man, with symp- 
toms dating from early childhood, is described by Federn “ as having served 
in a soldier’s capacity. Another patient was quite able to participate in strenu- 
ous sport.^^ 

Our patient, at the time of death, was a student of drama and was considered 
to be of more than average ability. It is said that he appeared to carry himself 
almost arrogantly, probably because of the expansion of the lower part of the 
thorax and the lordosis, both of which usually accompany the condition. 

The extent of the condition present in October, 1933, 9 months prior to the 
patient’s death, may be construed from the routine roentgenogram of the chest 
made by the college Department of Health at this time (Fig. i). The diaphragm, 
particularly on the left, is eventrated, the heart is displaced to the right and 
beneath the dense band of shadow wffich represents the left diaphragm is the 
gas-filled contour of what is probably a distended loop of the large intestine. 
At this examination the patient complained only of chronic constipation, was 
strongly disinclined to follow treatment of any nature and was lost track of 
during the following months. 

On the morning of May 30, 1934, he was discovered in a sitting posture and 
gasping for breath by a classmate who had seen him perfectly well on the pre- 
vious evening. He complained that he could not breathe in a prone position 
and had, therefore, not slept that night. A physician was summoned, but the 
patient died before his arrival. 

Autopsy Report 

The lips, perioral skin, and the nailbeds of aU the fingers and toes 
were tinged a light blue. The abdomen was enormously but s)an- 
metricaUy distended. It not only bulged anteriorly, to the complete 
obliteration of the umbilical depression, but the flanks and the soft 
tissues of the lumbar region on both sides of the vertebral column 
were also ballooned out. The percussion note was alternately 
t)anpanic and duU. Nmnerous old striae marked the tense skin on 
either side of the midline. The chest was likewise definitely ex- 
panded in its lower portion, the intercostal spaces being widened to 
4 and 5 cm. The circumference of the body at the umbilical level 
measured 125 cm. and the greatest abdominal circumference, about 
3 cm. above this point, was found to be 135 cm. 

The picture which was presented to view with the exposure of the 
peritoneal cavity and the removal of the chest plate was accurately 
reproduced by our artist during the autopsy (Fig. 2). It may be 
seen that the coils of small intestine, which appeared only slightly 
distended, were found at the extreme left of the abdominal cavity, 
in a position normally occupied by the descending colon. A greatly 
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distended portion of large intestine, identified as the ascending 
colon, held a central position in the cavity and extended high up to 
the level of the third rib, at which point the first part of the trans- 
verse colon was seen to have raised the diaphragm still higher to a 
level almost parallel with the left clavicle. The transverse colon 
came down between the small intestine on the left, and the descend- 
ing colon assumed a position anterior and to the right of the ascend- 
ing colon. The descending colon, at a point approximately corre- 
sponding to its juncture with the sigmoid, had elevated the right 
dome of the diaphragm to the level of the third rib. The sigmoid, 
in turn, lay concealed behind the ascending colon. The dilatation 
included the rectum as well. The glistening serosal surface of the 
whole large intestine was marked by the broad branchings of the 
mesenteric veins. There was no trace of haustra, taenia, or appen- 
dices epiploicae. The wall of the entire gut from the ileocecal valve 
to the internal rectal sphincter had a curious leathery feel. This 
same length of intestine, stretched out after removal from the peri- 
toneal cavity, measured 250 cm. Some idea of the degree of dilata- 
tion may be had from the dimensions which were taken in situ. 
The ascending portion of the colon had a circumference of 35 cm. 
The circumference of the descending portion was even greater, 
measuring 56 cm. 

One of the largest megacolons reported in the literature, from 
Formad’s^® 23 year old patient who was termed a “balloon-man” 
during life, and compared with an “ox-gut” at autopsy, reached a 
circumference of 33 to 44 cm. Several examples of megacolon, 
which appear, however, to have involved little more than the sig- 
moid and in no instance have included the entire large intestine, 
have shown even greater dimensions. Vulpian foimd the circum- 
ference of the most enormous sigmoid dilatation to be 70 cm. 
Figures of 67 cm. and 55 cm. were found by Walker and Griffiths, 
Banks,^® and Hoffmann.^’' In these cases the relatively rare example 
of a colon dilated in all its parts was not present, and hence the 10 
liter capacity of the colon in Hoffmann’s case is not striking. 

After enormous quantities of pasty, foul-smelling, gray-brown 
fecal material had been removed from our specimen the liunen was 
filled for the purpose of fixatidn with 30 liters of 10 per cent formalin. 
To rule out any possible increase in capacity produced by stretch- 
ing during this procedure, a series of readings of the circumference 
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of the gut- prior to its removal were taken. These, when calculated 
with the known length of 250 cm., 3nelded a result that corresponded 
closely to the established 30 liters. Several days later the specimen 
was sectioned and its mucosal surface examined for ulceration or 
any form of mechanical obstruction. None was seen. The trans- 
verse folds appeared ironed out, velvety and entirely intact. A 
notable difference in degree of hypertrophy, with gradual decrease 
from the rectum to the ileocecal valve, was manifest grossly in the 
intestinal wall. Microscopic preparations showed the hypertrophy 
to involve the muscular coats, including the muscularis mucosae, 
with a particularly striking increase in breadth of the circular layer. 
No increase in the fibrous connective tissue between the muscle 
fibers, as seen by Concetti,^® could be determined. There was some 
small round cell infiltration of the submucosa. No abnormalities 
of number or structure of Auerbach’s plexuses were noted. 

From the photograph of the black and white drawing (Fig. 2) it 
may be seen that with the bulk of the liver rotated posteriorly, the 
anterior aspect of this organ lay parallel with and was compressed 
against the right diaphragm, permitting only the inferior margin 
and a small portion of the posterior aspect, including the gall- 
bladder, to anterior view. The inferior margin of the right lobe of 
the liver was thin, elongated and concave on its posterior surface, 
evidently the consequence of chronic intestinal pressure from be- 
low. Both lungs were similarly affected topographically. They like- 
wise had been rotated posteriorly. The lower margin of the right 
lung was at a level with the third rib. Only a small portion of the 
inferior margin of the left lung was visible, and this protruded 
slightly below the left clavicle. With the exception, however, of a 
deep purple and dense area of atelectasis on the upper lateral 
aspect of the right lower lobe, which measured but a few cm. in 
diameter, the pulmonary parenchyma was quite crepitant. The 
elevation of the heart to the upper mediastinum, and its marked 
displacement to the right were striking. The acute cardiac compres- 
sion, which produced a kind of tamponade to the normal ventricu- 
lar dilatation and contraction, together with the extreme passive 
congestion of the viscera, especially marked in the microscopic 
preparations of the fiver, give us a picture of the mechanism of 
death which overtook our patient. 
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Discussion 

The manner of the patient’s death, reconstructed from the autopsy 
findings, as well as from the brief account of his extreme respiratory 
distress during his last few moments of life, is perhaps most worthy 
of our consideration. 

From a table of 17 cases selected by Concetti,’® in which the 
cause of death was definitely known, 10 were recorded as resulting 
from acute colitis. Marked cachexia and perforation of the intestine 
complicated 2 of these. Of the remaining 7 cases, death resulted in 
4 from cachexia alone, 2 were postoperative and i resulted from 
pneumonia. The colitis in the majority of the cases cited was ac- 
companied, as established at autopsy, by a widespread ulceration 
of the dilated portion of the gut. Finney,’® who in 1908 had re- 
viewed all the literature on the subject up to that time, stated that 
heart failure, as well as peritonitis, the result of perforation and 
diseases of the respiratory organs, particularly bronchitis and 
bronchopheumonia, were the most common of the intercurrent 
affections leading to death. 

The clinician is frequently faced with significant compression 
phenomena, such as in our own case. The abdominal distention 
compresses the thoracic organs and the posterolateral margins of 
the limgs become atelectatic.”’’® The diaphragm in many cases 
is lost to the respiratory mechanism; breathing becomes thoracic 
in t3q)e and very difficult. Auxiliary respiration with deep retrac- 
tion at the jugulum and occasionally of tlie lower intercostal spaces 
have been observed.^® Barth®’ described a patient in whom the 
pulmonary percussion note reached only to the second rib on the 
left and to the fourth rib on the right. In the same patient the 
apical impulse was felt in the second interspace. In a 60 year old 
man, i of the 5 cases reported by WiUde,®® the upward displace- 
ment of the Kver and the abnormal height of the cardiac dullness 
were established clinically. Among the symptoms several acute 
attacks of respiratory distress were noted. This patient made a 
complete recovery following a preliminary colostomy and subse- 
quent resection of the dilated portion of the bowel. 

Definite impairment of cardiac function has been recorded. 
Perthes noted a periodic bradycardia which disappeared promptly 
upon the elimination of large quantities of fecal material. Other 
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authors have found the pulse rapid and feeble.^ It is believed that 
the cardiac weakness is not only a result of compression of the heart 
and lungs,^® but that it is also due to the chronic resorption of the 
products of intestinal putrefaction.^^ The pathologist has been 
able to find practically negligible evidence of the latter. 

Summary 

In this report of a megacolon congenikmi in a 22 year old male 
stress has been laid upon the magnitude of the intestinal dilatation 
and its almost exclusive role in precipitating the death of the 
patient. The mechanism of death has been considered in some de- 
tail and has been ascribed to cardiac and pulmonary compression, 
which resulted in the chnical phenomena of acute congestion, strik- 
ingly present also at autopsy. 
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DESCRIPTION OF PLATE 
Plate 55 

Fig. I. Photograph of roentgenogram of chest showing eventration of left dome 
of diaphragm, caused by enormously distended loop of large intestme. 

Fig, 2 . Photograph of black and white drawing of megacolon at autopsy, 
showing the magnitude of the colonic distention with the upward displace- 
ment of liver and thoracic viscera. 
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CYSTIC DISEASE OF THE KIDNEYS * 

E. T. Bell, M.D. 

{From the Department of Pathology, University of Minnesota, Minneapolis, Minn.) 

Small macroscopic cysts are found in a majority of adult kidneys 
and in a fair percentage of the kidneys of infants, and if thorough 
microscopic examinations are made the percentage with cysts is still 
greater. In a large postmortem service one finds all transitions from 
t3^ical clinical polycystic kidneys, through subclinical polycystic 
kidneys to solitary cysts. The structural alterations vary with the 
number and size of the cysts. Clinical examples of polycystic kid- 
ney disease are, however, easily distinguished from cMnical solitary 
cysts. A convenient anatomical classification of renal cysts is as 
follows: 

I. Cystic disease (typical polycystic kidneys) 

(A) Bilateral cystic disease 

large kidneys 

(1) cHnical " normal sized kidneys 

lh3q)oplastic kidneys 

(2) subclinical 

(B) Unilateral cystic disease 

(1) large kidney 

(2) hypoplastic kidney 

(3) partial cystic degeneration 

II. Large sohtary cysts 

III. Multiple small cysts associated with contracted kidneys 

* Received for publication December 17, 1934. 
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Cystic Disease 

This paper deals only with typical polycystic kidneys. The clini- 
cal group includes all those with severe degeneration of the kidneys, 
and in the adults there were always symptoms referable to the kid- 
neys. The subclinical group includes enlarged kidneys filled wth 
cysts but containing sufficient healthy parenchyma to maintain 
normal renal function. The lower limit of this group is arbitrary, 
but no case was included unless the cysts caused a definite enlarge- 
ment of the kidney or replaced a large proportion of its parenchyma. 

Frequency: The reported incidence of polycystic kidneys in post- 
mortem examinations is sho^vn in Table I. The greater frequency 


Table I 


Frequency of Polycystic Kidneys 


Autlior 

No. of 

polycystic kidneys 

No. of 
postmortems 

Ratio 

Naumann 

16 

10,000 

1:625 

Preitz 

16 

10,000 

1:625 

Ward 

40 

14,000 

1:350 

Ssokoloff 

192 

$ 0,000 

1:260 

Watson and Cunningham . . . 

10 

2,429 

1:243 

Bugbee and Wollstein 

13 

4,903 

[ {children) 

1:377 

1 

Wakely 

3 

i 3,521 

1:1173 

Braasch and Schacht 

9 

1 9,171 

1:1019 

Bell 

44 

22,393 

1:509 


in some statistics is no doubt due in part to the inclusion of kidneys 
with only a few cysts. Thus Bugbee and Wollstein include in their 
group several cases which would be excluded by the more rigid 
criteria that we have employed, since there were only a few cysts. 
In this table unilateral polycystic kidneys are included as well as 
kidneys in which the replacement of parench3ana was not extensive 
enough to produce clinical symptoms. Of our 44 cases 4 were uni- 
lateral and 7 were subclinical; only 33 were advanced cases of 
bilateral polycystic kidneys. 

The frequency in postmortem statistics is also influenced by the 
number of stillbirths and young infants that are included in the 
series. In 1 8 1 9 stillbirth s we found 8 examples of polycystic kidneys, 
and there were 6 cases in infants under 6 months of age. In 17,884 
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postmortems on individuals over i year of age there were 30 ex- 
amples of polycystic kidneys, 1:596. There were 21 clinical cases in 
this group, 1:851. Braasch and Schacht found i chnical case in each 
3523 admissions to the Mayo Clinic. 

Unilateral Polycystic Kidney: Cases occur in which one kidney is 
normal while the other is indistinguishable from the typical bilateral 
t5pe of the disease. The unilateral cystic kidney may be hypoplastic. 
Small kidneys measuring from 2 to 6 cm. in length have been re- 
ported by Schaefer, Herxhehner, Baumann (2 cases), and Rosenow. 
The very small kidneys composed of a few cysts are best classihed 
as unilateral hypoplasia. Four cases of this type have come under 
our observation but have not been included as polycystic kidneys. 

Sieber stated that 9 of 150 collected cases were unilateral, but the 
size of the cystic kidneys was not given. Wakely reported a unilat- 
eral cystic kidney, measuring 7 by 5 inches, in a child 20 months old. 

Four of our 44 cases were large, unilateral polycystic kidneys, the 
respective weights being given in Table IV. These kidneys differ in 
no way from bilateral cystic kidneys. If the four hypoplastic cystic 
kidneys mentioned above be included, 8 of 48 cases are unilateral. 
Clinical reports of unilateral cystic kidneys are unreliable since they 
are usually examples of bilateral involvement with one kidney in a 
more advanced stage of the disease than the other. 

Age: In the literature it is commonly stated that polycystic kid- 
neys occur at two periods, vk. early infancy and adult life, and that 
there is a gap between these ages in which few or no cases occur. 
In cases collected from a large autopsy service this gap appears 
(Table II). In our records there is only i case between the ages 
of 4 months and 25 years, and this was unilateral. In chnical expe- 
rience there are few cases before the third decade. A search of the 
hterature, however, shows that a number of cases in the first and 
second decades have been recorded. Sieber, in 1901, coUected 
32 cases between the newborn period and the age of 20 years. In 
Table II the age distribution of 202 cases collected from the litera- 
ture is shown. This is only a small fraction of the total cases re- 
ported, but perhaps the group is suflSciently large to show the general 
age distribution. No doubt the number of stillbirths is much too 
smaU in proportion to the other groups since these cases are seldom 
pubhshed. In our postmortems nearly one-third of the cases were 
in the newborn group. 
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The age recorded usually represents the time when the disease was 
first recognized either clinically or at postmortem, but in many in- 
stances the actual time of onset, as indicated by the symptoms, was 
many years before the diagnosis was established. Several writers, in 
studying families with hereditary polycystic kidney disease, have 
recognized cases in which no subjective symptoms had developed. 
When these facts arc taken into consideration the newborn and the 
adult groups are brought closer together. There is no longer any 

Tabi,e II 


Age Dhlribntion of Author’s Cases and Cases Collected from the Literature 


Age 

Author’s casts 

Cases collected 


Polyc>-stic kidnej-s 

ICo. of autopsies 

from literature 

Stillborn 

9 (r unilateral) 

A 

1819 

'I 

28 

0 to I mo 

6 

r to 6 mo 

I 

> 2672 

4 

6 mo. to I yr 

I (unilateral) 
i 0 

0 

I to vrs 

\ 

6 

S to 10 yrs 

0 

/ 1147 

I 

10 to 20 yrs 

0 

875 

1 759 

2445 

2944 

3146 

3077 

1780 

448 

7 

20 to 30 yrs 

2 

20 

?o to 40 vrs 

A 

28 

40 to 50 yrs 

8 (i unilateral) 

6 

57 

33 

6 

50 to 60 }TS 

60 to 70 yrs 

6 (i unilateral) 

0 

70 to 80 yrs 

4 

80 to 90 yrs 

2 

2 

Adult (age ?) 

I 





. 

Total 

44 

22,112 

202 





doubt that the disease is always congenital and that it is the same 
disease in adults as in infants. 

Apparently in about one-third of the cases the individuals are 
either bom dead or die within the first month. Of those that sur- 
vive over a month only a few die before the age of 20 years and 
the maximum death rate occurs in the fifth decade. If the disease 
is the same in adults as in infants, and death is due chiefly to 
destruction of renal tissue by cysts, why are there so few deaths 
between early infancy and the third decade? Why do the majonty 
first develop symptoms after the age of 40 years? It has been sug- 
gested that in young persons the renal parenchyma between the 
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cysts undergoes hj^ertrophy to compensate for the tissue destroyed 
by progressive expansion of the cysts, and that in adults this com- 
pensatory hypertrophy no longer occurs. It is well known that the 
adult kidney does not hypertrophy as readily as that of a child. 
Another factor of importance is the vascular disease which develops 
slowly and reduces the blood supply of the parenchyma. This will 
be discussed more fully in subsequent paragraphs. 

Sex: Large statistics indicate that there is no difference in the 
incidence in males and females. Braasch and Schacht had 98 females 
and 95 males in their group of 193 patients. In our postmortem 
series there were 20 males and 23 females. In the cases collected 
from the literature there were 96 males and 96 females. 

Clinical Types: (yl) Surgical Type: Often the initial symptoms are 
those of unilateral renal disease. There may be pain in the region 
of one kidney or an attack of hematuria. When the opposite kidney 
is not palpable an incorrect diagnosis of neoplasm may be made, and 
when the kidney is not notably enlarged tuberculosis and calculus 
must be considered. Gross hematuria occurs in about one-third of 
all patients (Braasch and Schacht). The pain is often caused by 
ureteral spasm during the passage of blood dots. Occasionally one 
or more cysts become infected, giving rise to pyuria and other symp- 
toms suggestive of pyelonephritis. When the function of the two kid- 
neys is studied separately it is sometimes foimd that blood and pus 
come only from one kidney and that it excretes little or no indigo- 
camune, while the function of the opposite kidney is good. Under 
these circumstances it may be justifiable to remove the non-func- 
tioning kidney. A great many writers are opposed to nephrectomy, 
particularly because of the associated high mortality, but there are 
many published reports in which a long period of relief followed this 
operation. Blatt’s patient was living 15 years after nephrectomy 
and the other kidney was not palpably enlarged until 12 years after 
the operation. Rumpel’s patient was Hving and well 12 years after 
nephrectomy. The affected kidney excreted no indigo-carmine. In a 
case reported by Blum pain developed in the region of the left kidney 
at the age of 15 years. The pain continued and the patient had fre- 
quent attacks of hematuria until the age of 21 years, when the left 
kidney was removed because of very low function while that of the 
right kidney was normal. Twelve years later, at the age of 33 years, 
the right kidney first began to enlarge and became painful. The 
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patient was living at the age of 38 years, 17 years after nephrectomy, 
Walters and Braasch recommend nephrectomy when one kidney 
shows infection with a marked reduction of function. In thirty-one 
nephrectomies they had only one postoperative death, and 18 of 
their patients were living from 1 to 19 years after the operation. 

Calculi are occasionally found in the polycystic kidney and may be 
largely responsible for the symptoms (Blatt, Gumming, Walters and 
Braasch, 5 cases). Rarely the cystic kidney contains a malignant 
neoplasm (Walters and Braasch, 3 cases), and occasionally tuber- 
culosis is found (Uteau). 

(B) Medical Type: The majority of persons with polycystic kid- 
ney disease come to the attention of internists because of symptoms 
referable to renal insufficiency. The clinical picture is often similar 
to that of chronic glomerulonephritis. The onset of uremia may be 
sudden but more often it develops slowly over a period of years. 

Albumin is found in the urine from a trace to a large amount in 
the great majority of cases (180 of 190, Braasch and Schacht). This 
is probably due to interference with the blood supply of the glom- 
eruli from pressure of cysts and from stretching and compression of 
the arteries and veins. 

Gross hematuria is found in about one-third of the cases from 
time to time. The hematuria occurs usually in the form of attacks 
separated by intervals of varying length. Hemorrhage takes place 
into the cysts from stretching and tearing of vessels in their walls, 
and since frequently some of the cysts commimicate with the pelvis 
blood escapes into the urine. 

The urine is of low specific gravity and concentration tests show 
diminished powers of concentration. In a few instances polyuria has 
been reported (Gotzl, Shapiro, Veil). In the terminal stages oliguna 
occurs frequently. The loss of ability to concentrate the urine is 
similar to the condition in contracted kidneys and is due to reduc- 
tion of fimctioning parenchyma. 

Ede^na: This is a rare symptom. Cases with edema were reported 
by Piersol (legs and abdomen), Shapiro (2 with edema of ankles), 
Atoima and Morrissey (edema of legs), Fahr (edema of feet), and 
Striibing and Pugh (marked generalized edema). There was a slight 
edema of the ankles in 5 of our cases. Nos, 39, 40, 42, 43, 44* The 
cause of the edema in these instances was not established, but car- 
diac decompensation is a possible explanation. There has apparently 
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been little or no study of the serum proteins, but one would not ex- 
pect to find a protein depletion in the blood since there is relatively 
httle loss of protein in the urine. The usual absence of edema indi- 
cates that cardiac decompensation plays an unimportant role in this 
disease. 

Blood Pressure: Rosenberg maintains that hypertension seldom 
results from polycystic kidneys. In an earlier publication, before 
much cHnical data on this point was available, I expressed a similar 
view based largely on the size of the heart, but since that time I have 
had a wider experience with this disease and a number of publica- 
tions have appeared which show clearly that this view is erroneous 
and that hypertension is usually present in advanced stages of the 
disease. 

In Table III all the cases are listed in which the author gave data 
on blood pressure or size of the heart, and in Tables IV, VI and VII 
our own observations are recorded. The blood pressure was re- 
corded in 82 patients, 64 from the hterature and 18 from our series. 
The highest blood pressure obtained is usually recorded. The high- 
est systolic pressure was 145 mm. Hg or more in 48 cases, and was 
below this level in 30, In VeiFs 3 cases and in i of ours it is merely 
noted as high. If we take 150 mm. Hg as the lowest level of hyper- 
tension, there are 44 at this level or above and 34 below. Of the 
44 with elevated blood pressure, 22 had moderate hypertension (150 
to 175 mm. Hg) and 22 had severe hypertension (175 mm. Hg or 
above). More than one-half of the cases (44 of 78) had a definite 
hypertension. 

This is in agreement with the extensive study by Schacht, 1931, 
who found a systolic pressure of 145 mm. Hg or more in 61 per cent 

193 patients at the Mayo Clinic. The individual cases are not 
reported and therefore cannot be included in the table. Ritter and 
Baehr studied 3 cases where hypertension and uremia were present; 
no details were given. 

Fahr suggested that the cases of polycystic renal disease without 
hypertension were those in which the parenchyma was not so ex- 
tensively atrophied. As shown in Tables III and VII, the blood pres- 
sure was recorded in 41 cases with satisfactory clinical or anatomical 
evidence of rather marked renal insufl&ciency. In 27 of these the 
systohc blood pressure was 150 mm. Hg or more, while it was below 
this level in 14. This confirms the observation of Braasch and 
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Schacht that there is a somewhat higher incidence of hypertension 
in the more advanced stages of the disease. Several authors in 
studying individual cases over a period of years have noted a gradual 
rise of blood pressure. 

It may be concluded that a systoHc pressure of 1 50 mm. Hg or 
higher is found in over half of adults with clinical symptoms, and 
that the percentage with hypertension is still higher in the group 
with marked renal insufficiency. However, cases occur in which no 
hypertension develops. The basis of the h37pertension will be dis- 
cussed in a subsequent paragraph. 

Hypertrophy of the Heart: In the literature we have found the 
weight of the heart recorded in only 8 adults, the average weight 
being about 470 gm. In 7 cases the heart was described as hyper- 
trophied, and in 4 as not enlarged, no weights being given. 

The weight of the hearts in our series is shown in Tables VI and 
VII. In the subchnical group (Table VI) no heart weighs over 400 
gm., and 4 of them weigh less than 325 gm. In the clinical group 
(Table VII) the weights are as follows: 250 to 350 gm. 7 hearts, 
350 to 450 gm. 5 hearts, over 450 gm. 6 hearts. In the chnical group 
the hearts are definitely larger. It may be concluded that cardiac 
hypertrophy occurs frequently in polycystic renal disease but that 
it is not as prominent a feature as one would expect in view of the 
frequency of hypertension. Perhaps the blood pressure is not so 
high over a long period of time as in primary hypertension. 

Renal Insufficiency: The majority of the symptoms in polycystic 
renal diseases are due to renal 'insufficiency. The clinical phenome- 
nons m the usual case are such as are foimd with contracted kidneys. 
There may be gastro-intestinal s)nnptoms, such as loss of appetite, 
nausea, vomiting, constipation or diarrhea. Anemia and weakness 
are common symptoms, and there may be a marked loss of weight. 
Periods of malaise and headache occur. A definite impairment of 
renal function is demonstrable in about two-thirds of the patients 
when they first consult a physician. The functional disturbances are 
sumlar to those found in patients with contracted kidneys. There is 
a decreased elimination of phenolsulphonephthalein, a retention of 
nitrogenous substances in the blood and a decrease of the ability 
to concentrate the urine. These tests indicate a decrease of func- 
tioning parenchyma in the kidneys. Death is usually due primarily 
to renal insufficiency, unless one of the kidneys becomes infected. 
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Cerebral Hemorrhage: Sieber, in his survey of the literature in 
1901, found that 10 of 212 patients died of cerebral hemorrhage. 
Dunger reported the death of a woman, aged 54 years, from a rup- 
tured aneurysm in the corpus callosum. Her daughter died at the 
age of 26 years from a pontine hemorrhage. Blatt noted death from 
cerebral hemorrhage in a woman 46 years old. Katz and Muhe 
found a ruptured aneurysm of the anterior communicating artery in 
a woman 45 years old, and McKinlay described an intracranial hem- 
orrhage in a male 30 years of age. One of our cases, a male 40 years 
of age, suffered a hemiplegia at the age of 37 years but died of ure- 
mia. The incidence of cerebral hemorrhage is low and it is possible 
that it is due to an associated arteriosclerosis or primary hyperten- 
sion independent of the renal disease. The rise of blood pressure 
caused by cystic kidneys would, however, tend to cause rupture of 
arteriosclerotic vessels in the brain. 

Duration of Symptoms: Braasch and Schacht found that 45 per 
cent of 193 patients lived less than 4 years after the onset of symp- 
toms. Twenty-five lived more than 10 years, and 9 more than 20 
years. Cases of long duration are reported by several authors: 
Blatt (8 yrs., 10 yrs., 10 yrs., 18 yrs.), Halbertsma (16 yrs.), Wulff 
(15 to 20 yrs.), CoUinson (11 yrs.), Gbtzl (16 yrs.). Fuller (12 yrs.), 
Blum (23 yrs.), Atonna and Morrissey (12 yrs.), Niecke (ii yrs.), 
Gumming (8 yrs., 9 yrs., 16 yrs.). 

Retinal Changes: Braasch and Schacht found the fundi negative 
in 43 per cent, retinal sclerosis without retinitis in 31 per cent, and 
retinitis with retinal sclerosis in 20 per cent of their patients. There 
are apparently no other studies of the eyegrounds in the literature 
dealing with polycystic renal disease, but in the literature of hyper- 
tension there are occasional descriptions of a retinitis in this form of 
renal disease. It is believed that the retinitis results from high blood 
pressure, since it resembles the retinal changes seen in other forms 
of hypertension. 

Effects of Pregnancy: Pregnancy increases the work of the kidneys 
and not only intensifies any preexistent symptoms but may also 
bring out s3nnptoms in a compensated or latent stage of the disease. 
Blatt described a patient, 36 years of age, who first developed symp- 
toms during pregnancy. There was marked edema, albuminuria and 
vomiting. The child was bom at 8 months, and for i year after- 
wards there was a general weakness, albuminuria and headache. 
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The patient then remained well for 5 years, after which the symp- 
toms reappeared. A patient reported by Heinsius developed marked 
edema, heavy albuminuria, visual disturbances and severe dyspnea 
during the seventh month of pregnancy. At postmortem abscesses 
were found in the large cystic kidneys and the liver also was cystic. 

Sjmiptoms apparently do not develop during pregnancy unless 
the renal reserve is low. In Podgurski’s case the patient went 
through thirteen pregnancies and first developed renal symptoms 
at the age of 73 years. There are many cases of this type in the 
literature. 

The unfavorable effects of pregnancy are the same as those oc- 
curring in chronic glomerulonephritis and are due to the same cause, 
viz. a marked decrease of renal parenchyma. Pregnancy puts an 
additional load upon the kidneys and when the renal reserve is low 
symptoms of renal insufficiency develop. 

Influence of Heredity: It has been known for many years that 
inheritance plays a role in polycystic renal disease. Families with 
a high incidence of the disease have been reported by Hunger, Pans, 
Cairns, Fuller and Shapiro. Hunger, 1904, found the disease in 5 
children of the same mother. In addition he observed the disease 
in a mother 54 years old, and in her daughter aged 26 years. Paus, 
1914, in the family which he studied found 4 members in the first 
generation, 2 of whom had cystic kidneys. One of those with cystic 
kidneys had 14 children, of whom 4 had cygtic kidneys; the other 
with cystic kidneys had 3 children, none with the disease. One of 
the normal members of the first generation had 4 normal children 
but a granddaughter had cystic kidneys. Cairns, 1925, noted 10 
cases in three generations of a family. Fuller, 1929, described 
9 cases in 27 members of a family in four generations. Shapiro, 
1929, foimd the disease in a mother, in 4 of her children, and in 
I of her grandchildren. 

In addition to these larger groups a great many writers have called 
attention to more than i case in a family. Beck, 1901, reported 
3 sisters with polycystic renal disease. Bunting, 1906, foimd the 
disease in 2 newborn children of the same mother. Wobus, 1918, 
found 4 children of the same mother with polycystic kidneys. 
Rumpel, 1921, found two families each with 3 cases of cystic kidneys 
in two generations. Cumming, 1928, found a familial history of the 
disease in ii of 31 cases which he studied. Halbertsma, 1931, found 
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the disease in a man 40 years old and his daughter 10 years of age. 
Balogh, 1933, reported 3 cases in the first generation of a family and 
3 in the second. A great many observations similar to those men- 
tioned above have been published. Maier, 1924, quoted twenty- 
four writers who had found examples of hereditary polycystic kidney 
disease, and Bunting also gives a number of references. It is clearly 
established that heredity plays a remarkable role in polycystic renal 
disease. The disease may be transmitted by either sex and it is 
probably a dominant character. It is not known whether appar- 
ently normal persons who transmit the disease to their offspring 
have normal kidneys or a latent form of cystic disease. 

Renal Rickets: Like other forms of chronic renal disease poly- 
cystic kidneys in children may lead to dwarfism or rickets. Greene, 
1922, described a severe case of rickets in a girl 3I years of age. The 
child was underdeveloped and underweight and had a marked renal 
insufficiency. The cystic kidneys were small, 10 gm. and 7 gm. 

It is probable, however, that Greene’s case was not true congenital 
cystic renal disease, but hypertrophy and cystic dilation of tubules 
secondary to some form of atrophy or hypoplasia. This topic is dis- 
cussed more fully in a subsequent paragraph. Mazzeo, 1930, de- 
scribed a rachitic dwarf 10 years of age with renal insufficiency due 
to cystic kidneys. The height was 88 cm. 

Diagnosis: Braasch and Schacht in 193 patients found bilateral 
palpable kidneys in 151, enlargement of one kidney only in 30, and 
no enlargement in 12. When both kidneys are enlarged there is 
usually little difficulty in establishing the diagnosis. There may be 
local pain or tenderness in one or both kidneys or symptoms due to 
pressure on the intestines or other structures, but for the most part 
the symptoms are referable to renal insufficiency and do not differ 
essentially from those associated with chronic glomerulonephritis. 
A moderate edema of the lower extremities is occasionally seen, but 
marked edema is very imusual. Cardiac decompensation seems to be 
uncommon. The attacks of hematuria are peculiar to this disease. 

The cases in which only one kidney is enlarged present some diag- 
nostic difficulties and have been confused frequently with renal 
tumor or hydronephrosis. When a calculus is demonstrated, as hap- 
pens occasionally, the nature of the underlying disease is even more 
difficult to recognize. It is not unusual to find a marked difference 
in the size of the two kidneys even when both are enlarged. They 
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may also exhibit striking differences in function. When the disease 
is demonstrable in only one kidney, it by no means follows that it 
is not bilateral. In a case reported by Blum the right kidney first 
showed a demonstrable enlargement 12 years after the left had been 
removed. In a unilateral enlargement an accurate pyelogram usually 
leads to the correct diagnosis. Since Adrian and von Lichtenberg 
pointed out the characteristic shape of the pelvis, as revealed by the 
pyelogram, the accuracy of the clinical diagnosis has improved 
markedly. The most convincing pictures are obtained on large 
kidneys, the typical appearance being elongation of the pelvis and 
calyces. The calyces may be widened, especially at their tips, or 
one or more calyces may be flattened or obhterated. The lengthen- 
ing of the pelvis and calyces is due to the increased size of the kidneys 
and their distortion is due to the encroachment of cysts upon them. 
In small kidneys the diagnosis may be uncertain. 

When neither kidney is enlarged, as in our Case 43, a diagnosis of 
chronic glomerulonephritis or hypertensive kidney is usually made 
and the true nature of the disease is not recognized. In our case there 
was hypertension, cardiac hypertrophy and renal insufficiency, and 
no symptom or sign suggesting cystic kidneys. Possibly a pyelogram 
would have given the correct interpretation. 

Pathology 

Polycystic kidneys retain the shape of a normal kidney, the vari- 
ous dimensions being increased proportionally. There may be some 
displacement caudally because of the increased weight. When very 
large they fill the lateral retroperitoneal areas, displacing the in- 
testines anteriorly and medially. 

The external surfaces are closely set with rounded elevated areas 
corresponding to the underlying spherical cysts. On section a 
honeycomb appearance is noted. In advanced cases the cysts are 
separated only by narrow bands of tissue, and little or no normal 
parenchyma is to be seen (Fig. i). Occasionally, even in advanced 
cases, small islands of parenchyma i cm. or more in diameter are 
found, and in cases in which death is not due to renal insufficiency 
there may be a large amount of normal parenchyma between the 
cysts (Fig. 2). When the parench3nna is reduced to a minimum the 
persistent portions are usually in the subcapsular zone. Usually 
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both cortex and medulla are filled with cysts and no distinction 
between these portions can be made, but in rare instances there are 
no cysts in the medulla (Herxheimer, Case i). Schaefer described a 
kidney with a row of cysts at the cortico-meduUary junction and 
none elsewhere. One pole of the kidney may be filled with cysts and 
the other pole normal (Cases 4 and 20), In the smaller kidneys the 
cysts may aU be small and of uniform size, giving a spongy texture 
to the tissue; in the usual case, however, there is a rather marked 
variation in size, an occasional cyst approaching the dimensions of a 
large solitary cyst. In general there is a direct relation between the 
size of the kidney and the size of its cysts, and one gets the impres- 


Table IV 

Unilateral Polycystic Kidneys 


Case 

No. 

Autopsy No. 

Age 

Sex 

1 

Blood pressure 

Weight of 
heart 

Weight of kidneys 

Ri^it 

Left 



yrs. 




Sm. 


I 

20-260 

6 mo. 

M 

? 


73 


2 

28-1732 

45 

F 

? 


500 


3 

30-1811 

Sb 

F 



10 


4 

34-987 

65 

m 

195/110 

■ 




sion that enlargement of a cystic kidney is due to increase in the size 
of the cysts rather than to an increase in their number. 
Frequently some of the cysts communicate with the calyces. 
When hematuria occurs it is commonly due to bleeding within a cyst 
that communicates with the pelvis. These commumcating cysts 
may represent primary outgrowths from the pelvis or their connec- 
tions may have been established secondarily. The cysts are filled 
with a watery fluid which is usually clear but sometimes colored 
brown, black or red from admixture of old or fresh hemorrhage 
(Davis), Chemical examination reveals a high content of urea, uric 
acid and creatinin. In Piersol’s patient the fluid from the cysts con- 
tained: uric acid 20 mg., creatinin 28 mg., and urea nitrogen 300 mg. 
per 100 cc. Litzner found: urea 321.8 mg., and uric acid 12,6 mg. 
per 100 cc. In both of these cases there was a marked retention 
of nitrogen in the blood corresponding roughly to the content 
of the cystic fluid. Singer and Brams found 45.9 mg. of urea per 
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100 cc. in the cystic fluid of a newborn infant. Stnibing found serum 
albumin and serum globulin as well as urea in cystic fluid. The 

Tabie V 


Bilateral Polycystic Kidneys in the Newborn 


Case 

No. 

Autopsy 

No. 

Age 

Sex 

Crown- 

heel 

Cystic 

liver 

Weight 

of 

Weight ! 
of 

i 

Arteries i 

Comment 


length 

heart 

kidneys 







cm. 


gm. 

gm. 


Congenital 

5 

18-258 

14 wks. 

F 

Sd 

— 

? 

60 

? 







6s 


syphilis 

6 

20-243 

II da. 

F 

50 



? 

100 

Normal 

No edema, 







6s 


no note on the 










urine 

7 

21-33 

30 min. 

M 

49 

— 

35 

iSS 

? 

Bilateral 








160 


hydrocele 

8 

24-207 

Sb 

M 

47 

— 

29 

67 

69 

407 

? 


9 

26-880 

Sb 

M 

? 

+ 

18.4 

Normal 

Meningocele, 






many 


567 


anomaly of 


27-663 

5 da. I 



cysts 




tongue 

10 

M 

44 

— 

20 

122 

Normal 

Clinical 


1 






1 14 


uremia 

11 

27-1184 

Sb 

M 

44 


16 

259 

Normal 

Club foot, 



Sb 

1 




275 


undescended 
right testis 

12 

30-257 

F 

37 

— 

18 

300 

Normal 

Encephalocele, 


33-169 

17 da. 





275 


club foot, 
supernume- 
rary toe 

13 

M 

52 

— 

? 

Large 

Medial 

Oliguria. Albu- 








1 

fibrosis 

min, pus and 
blood in the 



Sb 







urine 

14 

34-1703 

? 

? 

— 

? 

20 

Normal 

1 


26-983 






20 



IS 

Sb 

F 

39 

— 

? 

21 

? 

Anencephaly, 

16 


Sb 





25 


craniorachis- 

chisis 

31-1201 

M 

32 

— 

? 

24 

? 

Filled -with 









21. s 


small cysts 

i 


Sb = stillbirtb. 


presence of a high urea content in cystic fluid is to be attributed to 
diffusion from the blood plasma and not to secretion of mine: peri- 
cardial fluid also has a high urea content in renal insufiiciency. There 
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are apparently no observations on the urea content of cystic fluid 
from cases without renal insufficiency. 

The unilateral cystic kidneys (Table IV) will be discussed under 
the newborn and the adult groups. 

Cystic Kidneys in the Newborn 

In the group of newborn infants there is an enormous variation 
in the size of the kidneys. In the 12 cases in our series the combined 
weight of the kidneys varied from 40 gm, to 974 gm, (Table V), 
The larger kidneys usually have larger cysts but not a greater num- 
ber than are found in the smaller kidneys. The destruction of paren- 
chyma is often as extensive in small kidneys as in large ones. In 
estimating the extent of the renal enlargement the crown-heel length 
of the infant should be considered, since many of them are premature 
and the relative increase in size of the kidneys is therefore greater 
than the weight indicates. 

The markedly hypoplastic cystic kidneys have not been included 
in this study since their pathogenesis may be different. 

On section the cortex seldom can be distinguished from the me- 
dulla and all parts of the organ are filled with cysts. Often there is a 
defective development of the pelvis and calyces, and some writers 
have stressed aplasia of the medulla (Staemmler). 

Our cases of bilateral polycystic kidneys in the newborn are listed 
in Table V. A more detailed description will now be given of the 
7 cases in which material was available for microscopic study. 

Case 6. On gross examination numerous very small cysts were 
found which gave a spongy texture to the parenchyma. 

Microscopically most of the glomeruli and tubules are found in 
small groups in the subcapsular zone, but a few are scattered be- 
tween the cysts. The medulla is composed of large cysts separated 
by dense connective tissue; there are no collecting tubules. An 
abundant, rather dense connective tissue is found in the deep part 
of the cortex. Some of the normal tubrdes in the subcapsular zone 
open into the smaller peripheral cysts. A great many cysts in the 
cortex, and some of those in the medulla contain a glomerulus pro- 
jecting into the cavity. 

Case 9. Microscopically there are small islands of normal paren- 
chyma in the subcapsular zone. Nearly all of the kidney is composed 
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of cysts separated by an enormous amount of loose connective 
tissue. Very few collecting tubules are found. There are a few 
tubules and glomeruli in the connective tissue between the cysts. 
Many small cysts in the subcapsular zone contain a glomerulus 
projecting into the cavity, and a few of these cysts may be traced 
into dilated tortuous tubules. 

Case io. On gross examination the kidney showed a spongy 
texture and no large cysts were visible. 

Microscopically the cortex is composed of long, dilated, tortuous 
tubules connected with glomeruli in the subcapsular zone. Between 
the dilated tubules are many atrophic glomeruli with a short segment 
of tubule or without a tubule. There is a great decrease in glomeruli. 
The medulla is very fibrous and filled with cystic structures. There 
is no fibrosis of the cortex. 

Case n. Microscopically the superficial zone of the cortex is in- 
tact. In the deeper part of the cortex the tubules become dilated 
and some of them open into fairly large cysts. The medulla is com- 
posed of very large cysts separated by an abundant, loose, areolar 
tissue which extends into the deeper part of the cortex. There 
are only a few collecting tubules. None of the cysts contains a 
glomerulus. 

Case 12. Microscopically there is a thin subcapsular zone of 
glomeruh and underdeveloped tubules. Cysts fill the medulla and 
the cortex up to the subcapsular zone. There is a marked reduction 
in the number of glomeruli. The medulla is composed of dense fi- 
brous tissue suggesting the medullary fibromas found in adults. 
There are no collecting tubules. Normal tubules may be traced into 
small cysts which seem to be dilated segments of the tubule. 

Case 13. On microscopic examination no normal areas of paren- 
chyma are found. There are cysts of varying size and duct-like 
structures separated by dense fibrous tissues. Occasionally a glomer- 
ulus with a short tubule is seen. The walls of the arteries and ar- 
terioles are thicker than normal. They show a marked medial fibro- 
sis but no intimal thickening. There is no narrowing of their lumens. 

Case 14. The ureter, pelves and calyces are present. The pyra- 
mids are not distinct. Cysts are found throughout the cortex and 
medulla. There are only a few small nests of glomeruli and tubules 
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between the cysts. The cysts are separated by a fairly dense con- 
nective tissue. A few cysts contain glomeruli. The arteries curve 
around the larger cysts. 

Case i. The unilateral cystic kidney of an infant 6 months old 
(Table IV) may be considered with this group. It presented a struc- 
ture similar to the preceding cases but the parenchyma was not so 
extensively destroyed. On section a few small islands of fairly nor- 
mal parenchyma were seen. There was a small ureter but no pelvis 
or calyces could be found. The cysts were closely set and some 
reached a diameter of 4 cm. 

Microscopically the small islands of cortex are composed of normal 
tubules and glomeruli. Many of the cysts are tubular structures 
with a fibromuscular wall which Busse considered evidence of their 
origin from the pelvis. There are occasional rudimentary tubules 
between the cysts. The interstitial tissue is abundant and dense, 
especially in the medulla. No collecting tubules are seen. 


Comment 

One of the most prominent microscopic features is an enormous 
increase of interstitial connective tissue. All of the authors com- 
ment on this peculiarity, although a few state that it is not always 
conspicuous. It varies from a loose areolar to a dense fibrous struc- 
ture and is usually more abundant and dense in the medulla than 
in the cortex. The superficial part of the cortex under the capsule 
is often free from this connective tissue increase and it is in this 
region that islands of fairly normal parenchyma may be found. In 
the medulla the connective tissue replaces nearly all of the collect- 
ing tubules and it may show dense rounded masses that closely re- 
semble the medullary fibromas so often seen in normal kidneys of 
adults. It is highly probable that medullary fibromas are derived 
from an excess of embryonic connective tissue. It is unlikely that 
the excess of connective tissue is the fundamental disturbance since 
occasionally there is no great amount present, but it is an important 
factor in the subsequent pathogenesis of the disorder. It tends to 
become more dense and fibrous as the individual grows older, it com- 
presses tubules and glomeruli and is one of the important factors 
that bring on progressive renal insufficiency. 



CYSTIC DISEASE OF KIDNEYS 


393 


Occasionally areas of cartilage or smooth muscle are found in the 
interstitial tissues (Busse, Berner). The significance of the excess of 
connective tissue is unknown. Possibly it is a compensatory result 
of the h3^oplasia of the tubules. 

Another conspicuous feature of the congenital cystic kidney of 
the newborn is the marked reduction in the number of nephrons. 
A great many contributors have noted this. It has been estimated 
that the number may be reduced to lo per cent of the normal, but 
no actual counts have been made. In the medulla there are usually 
only a few collecting tubules. In our cases, Nos. 6, lo, and 12, no 
normal collecting tubules were found in the sections studied, and 
there were only a few in the others. Normal convoluted tubules 
and glomeruli are commonly found only in small islands usually in 
the subcapsular zone. Sometimes there are only rudimentary tu- 
bules and glomeruli between the cysts and no areas of normal cortex 
(Case 13). Wakely found no tubules or glomeruli in i case. Nor- 
mally the collecting tubules form by repeated dichotomous branch- 
ing of the primitive outgrowths of the pelvis, and it is evident that 
this process is disturbed so that only a few collecting tubules are 
formed, or they become detached from the main branch after their 
formation. Some of the cysts may represent dilated outgrowths 
from the pelvis, especially those with a fibromuscular wall. 

The cysts are lined with a single layer of epithelium which is 
usually cubical but sometimes columnar, or it may be flattened so 
that it resembles endothelium. The cytoplasm is conunonly clear 
and the cell boundaries may be distinct but sometimes there is a 
granular cytoplasm. Often the lining epithelium has proliferated 
to form papillary ingrowths, and it is this feature that suggested 
the neoplastic theory of the cystic kidney. 

In some kidneys numerous cysts show a glomerulus projecting 
into the lumen, the glomerulus being supplied with afferent and 
efferent arterioles and having a normal structure. Such cysts have 
been interpreted as dilated capsular spaces. In other kidneys none 
of the cysts is supplied with a glomerulus. Beckmann, 1856, de- 
scribed glomerular cysts. Frequently one sees a normal glomerulus 
cormected with a normal tubule which opens into a cyst. Apparently 
some of the cysts represent dilated segments of a tubule. There is 
abundant evidence that some cysts communicate with capsular 
spaces and tubules but apparently they seldom drain into the pelvis. 
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Von Mutach, 1895, studied a number of small cysts, 0.5 to 2 mm. in 
diameter, in serial sections and was able to show that each was a 
dilated segment of a tubule. 

Hyaline glomeruli are almost invariably present in adult poly- 
cystic kidneys, but they are evidently rare in infants. There were 
none in our cases. Staemmler, however, noted a number of hyaline 
glomeruli in a stillborn infant. 

The arteries and arterioles show a normal structure in all of our 
cases except one (Case 13), in which a definite medial fibrosis is 
present. This caused the media to appear somewhat thicker than 
normal and more homogeneous. There is no change in the intima and 
no narrowing of the lumen in any instance. Staemmler mentioned a 
thickening of the walls of the arteries in a stillborn infant which also 
had many hyaline glomeruli. I have found no other reference to 
arterial disease in the polycystic kidneys of infants. 

Renal insufficiency in the newborn group is clearly due to h)^o- 
plasia of the parenchyma. There is a great reduction in the number 
of nephrons and the majority of those present apparently do not 
communicate with the pelvis. It is evident that those who survive 
into adult life must have ori^aUy had more normal parenchyma 
than is present in this group. Renal insufficiency is readily demon- 
strable by functional tests (Tow). 

We shall now direct attention to the group of patients with cystic 
kidneys in which death was due to some extrarenal cause and no 
symptoms referable to the kidneys were present (Table VI). 

Cystic Kidneys in the AdtiU 

Case 17. On gross examination the external surfaces of the 
kidneys were finely granular and the cortices were somewhat thinner 
than normal. There were numerous small cysts from i to 6 mm. in 
diameter scattered over the surfaces and throughout the cortical 
portions. There was an abundance of normal parenchyma. 

Microscopically the cysts are lined by cubical epithehum and 
show no fibrosis or atrophy about them. There is no evidence 
that they are compressing the kidney by expansion. There is no 
indication that the disease would have progressed toward renal 
insufficiency. 

Case 18. The patient was troubled for a number of years with 
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weakness, edema of the ankles and dyspnea on exertion. There was 
a trace of albumin in the urine. These symptoms were attributed 
to the very large cystic liver found at postmortem. On section 
numerous cysts were found scattered throughout both cortical and 
medullary portions. There was abundant normal parenchyma. 

Microscopically the cysts are lined by cubical or flattened epi- 
thelium. Some of the larger ones are surrounded by a zone of fibrous 

Table VI 


Polycystic Kidneys with No Symptoms Referable to the Kidneys (Snbclinical Grottp) 


Case 

Autopsy 



Blood 

Cystic 

liver 

Weight 

of 

heart 

Weight 

of 

kidneys 

Intimal 

thickening 

Inter- 

stitial 

tissue 

Cause of 

No. 

No. 

pressure 

Art- 

eries 


death 

17 

23-152 

yrs. 

8S 

F 

120/? 

_ 1 

gm. 

270 

gm- 

110 

2 

■ 


Lobar 

18 

23-756 

61 


124/73 

+ + + 

300 

90 

350 

2 

1 


pneumonia 

Lobar 

19 

25-481 

52 


? 

2430 gm. 
+ 

400 

400 

Twice 

2 

2 


pneumonia 

Cerebral 

20 

26-9 

35 


? 

+ 

375 

normal 

325 

I 

0 

_ 

hemorrhage 

Subarach- 

21 

26-591 

65 


? 


320 

52s 

380 

2 

0 


noid 

hemorrhage 

Perforated 

22 

27-272 

52 

F 

? 

++ 

235 

500 

260 

2 1 

0 1 

_ 

ulcer 

Lobar 





172/102 


380 

190 

500 

2 

I — 

““ 

pneumonia 

Subarach- 








350 




noid 

hemorrhage 


tissue. There is atrophy of the parenchjnna in narrow septa between 
the cysts, but none elsewhere and there is very little evidence of a 
progressive destruction of the parenchyma. That this is a true con- 
genital cystic kidney is indicated by the cystic fiver and the presence 
of cysts in the medulla. There is no increase of interstitial tissue. 
This case may be interpreted either as an early stage of clinical 
cystic kidney disease or as a moderate degree of cystic disease which 
would not have progressed to renal insufl&ciency. The latter inter- 
pretation seems more probable. 

Case 19. Sudden death. No previous illness known. On section 
the kidneys were filled with cysts of var3dng size. Both cortex and 















396 


BELL 


medulla were involved. There was a large amount of normal 
parenchyma. 

Microscopically the smaller cysts are surrounded by normal paren- 
chyma. The larger cysts are usually surrounded by a zone of fibrous 
tissue, and the narrow septa between them are composed of fibrous 
tissue. There is some displacement of collecting tubules by the 
meduUary cysts. On the whole there is evidence of a slow increase 
in size of the cysts. The arteries and arterioles show the intimal 
thickening characteristic of hypertension. 

Case 20. No symptoms of renal disease. The larger kidney was 
fiUed with cysts of varying size which occupied both cortex and 
medulla. There was a large amount of normal parench)una. Only 
one pole of the smaller kidney was cystic. 

Microscopically there is very little evidence of atrophy of the 
parench)mia except in thin septa between the cysts. The arteries are 
practically normal. 

Case 21. No symptoms except those referable to duodenal ulcer. 
On section numerous cysts of different sizes were scattered through- 
out the cortex and medulla. There was a large amount of normal 
parenchyma. 

Microscopically the thin septa between the cysts are composed of 
atrophic parenchyma, and there are wide zones of pressure atrophy 
around some of the larger cysts. There is, therefore, definite evi- 
dence that the larger cysts are expanding. Some of the large cysts 
are fined by flattened epithelium. There is no atrophy about the 
small cysts. The arteries show only the intimal thickening cor- 
responding to the age. 

Case 22. Admitted in shock. No history of kidney disease. Both 
kidneys contained numerous cysts in both cortical and medullary 
portions. There was, however, a large amount of normal paren- 
chyma. A calculus was found in an upper calyx of the left kidney. 

Microscopically there is complete atrophy of the parenchyma in 
the narrow septa between the cysts and external to large cysts which 
fie near the surface. The pressure atrophy about the large cysts indi- 
cates a slow increase in size. There is no change in the tissue sur- 
rounding small cysts. The arteries show the typical senile intimal 
thickening and there are a few, small, wedge-shaped areas of 
atrophy at the surface, due to arterial disease. 
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Case 23. Some albumin in the urine. Hemorrhages in the fundi. 
Urea nitrogen 14 mg. per 100 cc. of blood. Virilism. Adenoma of 
the right adrenal 2 cm. in diameter. On section there were a number 
of cysts from 5 mm. to 3 cm. in diameter scattered throughout the 
cortex and medulla. The cysts were not very numerous and there 
was abundant normal parenchyma between them. 

Microscopically there is a little pressure atrophy about the larger 
cysts. The arteries and arterioles show the intunal thickening char- 
acteristic of hypertension. In arteries that curve about large cysts a 
definite medial fibrosis is noted. A few small atrophic areas have 
resulted from the arteriolosclerosis. 

The patients with S3miptoms referable to the kidneys are listed in 
Table VII. Supplementary data on each case is given in the follow- 
ing paragraphs. 

Case 24. The patient had noticed a mass in the left side for 
several years, but it was not painful. She had had two pregnancies 
and during each there was a marked edema of the ankles. Palpable 
left kidney. No indigo-carmine from either kidney in 20 minutes. 
Symptoms and death from bacterial endocarditis. On section each 
kidney was filled with closely-packed cysts from 2 mm. to 5 mm. in 
diameter. The largest cyst was 8.5 cm. in diameter. There were 
large areas of normal parenchyma scattered between the cysts 
(Fig. 2) . Both cortex and medulla were cystic. 

Microscopically the islands of solid tissue show a fairly normal 
structure. There is more or less complete atrophy of parench3nna 
in the septa between the cysts and there is a zone of pressure atrophy 
aroimd the larger cysts. The arteries in the walls of large cysts show 
medial fibrosis with some thickening of the media but no intimal 
change. The atrophy is clearly due to expansion of cysts and not to 
arterial disease. The large expanding cysts are usually fined by a 
flattened epithelium. 

Case 25. Frequent burning urination, pyuria for 4 months. 
Left kidney palpable. Small amount of albumin in the urine. Blood 
urea nitrogen 18.6 mg. per 100 cc. 2 weeks before death. Pus from 
right ureter. At postmortem extensive suppuration was found in 
the larger left kidney. Both kidneys were filled with cysts separated 
by thin septa or islands of parenchyma. 

Microscopically the islands show a fairly normal cortex except for 
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PSP — phenolsulphonephthalein (output in 2 hrs.). OTN = non-protein nitrogen. Urea N = urea nitrogen. The numerals t, 2, 3 show the degree of the indicated process. 
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leukocytic infiltration. Tlie arteries show the hypertensive form of 
intimal thickening. 

Case 26. Nephrectomy for hematuria. Postoperative death. On 
section cysts were found throughout the kidneys, leaving only small 
islands of parenchyma between them. 

Microscopically there is atrophy of the parenchyma between and 
around the larger cysts. There are small areas of subcapsular atro- 
phy related to cysts near the surface. The arteries show a moderate 
amount of intimal thickening. 

Case 27. The patient had noticed a mass in the right side of the 
abdomen about 2 years before her death. There were attacks of 
painful hematuria on several occasions. The right kidney was re- 
moved. Death about 6 weeks later from infection of the surgical 
wound. On section the entire kidney was a mass of cysts but there 
were some fairly large islands of solid parenchyma. 

Microscopic examination shows pressure atrophy of the paren- 
chyma between and around the larger cysts. There are also atrophic 
tubules with hyaline glomeruli scattered through the solid islands of 
parenchyma. The large and small arteries show an extreme intimal 
thickening (Fig. 3) and the arterioles show a marked medial fibrosis 
with no intimal disease. The medial fibrosis causes the walls of the 
arterioles to appear thick and homogeneous. The arterial disease is 
apparently responsible for the hyaline glomeruli and is therefore con- 
tributing to the renal insufficiency, but the cysts are the chief cause 
of the parenchymal atrophy. 

Case 28. The patient died shortly after sustaining a fracture of 
the skuU. Although no clinical data were available, the extensive 
destruction of the kidneys justifies the classification of this case with 
the clinical group. On section the kidneys were filled \vith cysts but 
there were a number of areas of solid tissue, i to 2 cm. in diameter, 
in a longitudinal section. Both cortex and medulla were cystic. 

Microscopic sections show extreme atrophy of the parenchyma 
in the narrow septa between the cysts and around the large cysts. 
The solid areas show many normal tubules and glomeruli. The 
majority of the glomeruli show some thickening of the capillary 
basement membranes, and in many of them there are large hyaline 
areas due to fusion of the thickened membranes. Some glomeruli 
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are completely hyalinized. Both arteries and arterioles show medial 
fibrosis. The size of the heart indicated that hypertension was pres- 
ent, and this may be responsible for the thick glomerular capillary 
walls. The chief cause of the destruction of the kidney is expansion 
of cysts, but a contributory cause is a slow hyalinization of the 
glomeruli. 

Case 29. Enlargement of abdomen for 3 years. Urine normal. 
An enormous cystic Kver (9510 gm.) was found at postmortem. 
Small areas of parenchyma were noted between the cysts in the 
kidneys. No renal tissue was preserved for microscopic study. 

Case 30. The patient died in coma following a fracture of the 
humerus. The urine was bloody. On section all parts of the kidneys 
were filled with cysts 3 mm. to 2.5 cm. in diameter. There was prac- 
tically no persistent parenchyma (Fig. i). 

The septa between the cysts show occasional normal glomeruli 
and tubules, but for the most part they are composed of dense fi- 
brous tissue with remnants of hyahne glomeruli. The arteries usually 
show a marked fibrous intimal thickening and medial fibrosis. The 
arterioles show chiefly a marked medial fibrosis. The changes in the 
vessels suggest disuse atrophy. The numerous hyaline glomeruli in 
the septa are probably the result of pressure atrophy. 

Case 31. Duration of symptoms about 9 weeks; weakness, ano- 
rexia and loss of weight. The urine showed a trace of albumin. 
Several convulsions on the day before death. On section the 
parenchyma of the kidneys was almost completely replaced by 
cysts, only smaE islands of cortex near the capsule were found. 

Microscopic sections through the soEd areas of cortex show large 
glomeruE and large (Elated tubules that are normal, except for the 
hypertrophy. There is marked atrophy of the parenchyma between 
and around the cysts. The arterioles are normal and the arteries 
show only the usual changes associated with age. SmaE areas of 
interstitial fibrosis are seen in which the connective tissue is too 
abundant and dense to be explained as a mere replacement fibrosis 
from atrophy of tubules. Atrophy seems to be due entirely to ex- 
pansion of the cysts. 

Case 32. The patient had not been weE for 10 years, but had 
been acutely El for only 3 months. He complained of weakness, loss 
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of weight, enlargement of the abdomen with a dull aching pain in the 
upper part, and hematuria. He had had several attacks of hema- 
turia during the preceding i8 months. One brother and one sister 
have some form of renal disease. There was a marked secondary- 
anemia. Only small islands of cortex were found in the kidneys 
which were almost completely replaced by cysts. No renal tissue 
was preserved for microscopic examination. 

Case 33. The patient stated that he had felt well until August 
4th, 3 weeks before death. He complained of weakness and dizzi- 
ness and soon became irrational. He was in coma the last few days 
of his life. At postmortem a glioma, 7 cm. in diameter, was found in 
the right frontal lobe. On section the kidneys showed only a few 
small islands of cortex. There were thin septa between the cysts. 

In the islands of intact cortex the arterioles show the hyaline inti- 
mal layer characteristic of hypertension, but the destruction of 
parenchyma is due entirely to the cysts and not to arterial disease. 
The cysts show papillary epithelial ingrowths. The glomeruli show a 
definite increase of endothelial cells and some thickening of the 
capillary basement membranes. 

Case 34, Five years before his death the patient sustained frac- 
tures of the pelvis, ribs and legs in an accident. The urine was 
bloody at that time. One year later he began to have attacks of 
pain in the right flank, accompanied by nausea, vomiting and weak- 
ness. Seven months before his death he had a severe attack and was 
admitted to the hospital. There were many red blood cells in the 
urine and the phenolsulphonephthalein output was zero. The blood 
urea nitrogen was 128 mg. per 100 cc. at that time. Subsequent 
study showed no special features. The albumin in the urine varied 
from a trace to a large amount. There was some blurring of vision. 
The eyegrounds showed some tortuosity of the arteries but no 
hemorrhages or exudates. The kidneys were palpable. On section 
the kidneys showed only a few islands of persistent cortex. The 
cysts were separated by thin septa and many of them contained 
blood. 

Microscopically no normal parenchyma is found. The cysts are 
usually surrounded and separated by dense fibrous tissue which con- 
tains only remnants of tubules and hyaline glomeruli or is purely 
fibrous in structure. In the larger areas between the cysts there is an 
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interstitial fibrosis and the majority of the glomeruh are either en- 
tirely hyaline or they show patches of hyaline degeneration due to 
thickening of the capillary basement membranes. The changes in 
the glomeruli are not due to obstruction of the arterioles; they are 
probably caused by pressure of the cysts or by focal glomerulitis. 

Case 3*5. The patient had occasional attacks of pain in the right 
flank for 2 years preceding his death. On March 5, 1934, he had an 
attack of hematuria which lasted several days. Both kidneys were 
enlarged and the right was tender. Death, April 6, 1934. On sec- 
tion the parenchyma of the kidneys was almost completely replaced 
by cysts, and many of the cysts were filled with purulent or gan- 
grenous material. No tissue from the kidneys was preserved. 

Case 36. The patient died 3 hours after admission to the hos- 
pital and had not been under medical care previously. She was in 
coma and had seven convulsions during 3 hours. The urine con- 
tained a large amount of albumin. On gross examination of the 
kidneys a few small, irregular islands of cortex were found. There 
was pus in some of the cysts. 

In the solid areas there is a marked interstitial fibrosis. Many of 
the tubules are atrophic but others are large and dilated. There are 
many hyaline glomeruli surrounded by old fibrous crescents. The 
arterioles show advanced medial fibrosis, but their lumens are large 
(Fig. 4). The destruction of the parenchyma is not due to arterial 
disease, but to the cysts, interstitial fibrosis and an old glomerulo- 
nephritis. 

Case 37. The patient complained of weakness, abdominal pain, 
headache and dizziness. She had a convulsion shortly before death. 
On section of the kidneys only small, irregular areas of parenchyma 
were found. 

These areas show severe interstitial fibrosis in some parts. The 
few normal tubules are greatly hypertrophied. There is no evidence 
that atrophy is due to arterial disease. There is a marked medial 
fibrosis of the arterioles (Fig. 5). The hyaline glomeruh seem to be 
due to pressure atrophy of the tissue resulting from expansion of the 
munerous cysts. 

Case 38. The patient had had hypertension for about 10 years. 
She had been in as good health as usual when she became uncon- 
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scious during the night and died the following day. She was not 
paralyzed. The urine showed a specific gravity of 1008 and a trace 
of albumin. The parenchyma of the kidneys was almost completely 
replaced by cysts varying in diameter from i mm. to 4 cm. No 
renal tissue was preserved for microscopic study. 

Case 39. The patient had complained of visual disturbances for 
many years. During the past 2 years she had had dyspnea, swelling 
of the ankles, dizziness and hypertension. Many attacks of nausea 
and vomiting during the past year. Polyuria during the fall of 1931. 
Admitted to the hospital Dec. 17, 1931- Died 2 days later. Hemo- 
globin, 55 per cent. Moderate albmninuria. The kidneys were filled 
with cysts and contained very little solid parenchyma. No renal 
tissue was preserved. 

Case 40. The patient had an attack of hematuria about 3 years 
before his death. He had no other symptoms until Nov. 20, 1932, 
when he developed weakness and edema of the ankles following a 
“cold.” Later he developed dyspnea and nausea which persisted. 
Hemoglobin 65 per cent. Slight albuminuria. Death, Feb, 13, 1933. 
On section the kidneys consisted almost entirely of cysts separated 
by thin septa. The largest solid areas of parench3mia were less than 
I cm. in thickness. 

There is a very marked interstitial fibrosis. No areas of normal 
tissue are foimd microscopically. The arteries show a pronounced 
intimal thickening. The arterioles show hyaline degeneration of the 
media but no narrowing of their lumens. There is no evidence that 
any atrophy is caused by vascular disease; the growth of the cysts 
and the fibrosis of the interstitial tissue seem responsible for the 
destruction of the parenchyma. 

Case 41. The patient developed a sudden paralysis of the right 
arm and leg in August, 1930, He was mider hospital care for hemi- 
plegia and hypertension. The kidneys were palpable. There was a 
large amount of albumin in the urine toward the end of his illness. 
Death, Sept. 15, 1933. On section the kidneys showed only occa- 
sional small masses of solid tissue between the cysts. 

Microscopic sections of these areas show extreme fibrosis of the 
interstitial tissue. The arteries and arterioles show a very marked 
fibrosis of the media, but no narrowing of the lumens. There are 
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some normal glomeruli. The hyaline glomeruli are apparently the 
result of pressure from the dense interstitial tissue. 

Case 42. In March, 1934, the patient first consulted a physician 
because of loss of weight, dyspnea and swelling of the ankles. At 
this time the hemoglobin was 60 per cent, there was a very low 
excretion of phenolsulphonephthalein, and the blood pressure was 
170/110. She was admitted to the hospital on April 17, 1934. The 
urine showed albumin +, many pus cells and a specific gravity of 
loio. May 6th, stupor and muscular twitching developed. Death, 
May 8 , 1934. On section the parenchyma of the kidneys was almost 
completely replaced by cysts. No islands of normal parenchyma 
were found. 

Microscopic sections of small solid areas between the cysts show a 
marked interstitial fibrosis and extensive atrophy of parenchyma, 
but there are some large normal glomeruli and tubules. The arteries 
show an extreme elastic-intimal thickening which narrows the 
lumens to a marked degree. The terminal arterioles show only occa- 
sional bands of subintimal hyalin. Some of the hyaline glomeruli 
are apparently the result of the arterial disease, others are caused by 
pressure atrophy. 

Case 43. A diagnosis of “Bright’s disease” had been made 12 
years previously, but no details of the symptoms at that time were 
available except that he was confined to bed for i year. He was 
treated for gastric ulcer in February, 1930, and at that time he had 
a definite renal insufficiency — phenolsulphonephthalein output 20 
per cent in 2 hours, blood urea nitrogen 75.6 mg. He was fairly 
comfortable from that time imtil about May i, 1930, when he de- 
veloped great weakness and vomiting. He had dyspnea on exertion 
and slight edema of the lower extremities. He had never noted 
hematuria. A severe degree of renal insufficiency finally developed. 
He remained in the hospital until his death, Oct. 10, 1931. In the 
left kidney one could not distinguish cortex from meduUa. Three 
calyces were traced into cysts. There was no normal renal paren- 
chyma. The right kidney, which was the smaller, showed some islands 
of fairly normal parenchyma. The cysts occupied both the cortex 
and the medulla. These were typical polycystic kidneys but they 
were only slightly enlarged. The heart was enormously enlarged. 

Microscopically there is a severe disease of the arteries and arte- 
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rioles with advanced atrophy of the parenchyma due to the arterial 
disease. The principal change in the arteries is an intimal thickening 
which is largely composed of collagenous tissue. The glomeruli are 
in various stages of hyaline degeneration due to thickening of the 
basement membranes of the capillaries. Many of the glomeruli 
show also an endothelial increase characteristic of primary hyper- 
tension with renal insufficiency (malignant hypertension). The ex- 
tremely tortuous arteries are evidence that the kidneys were origi- 
nally much larger. The cysts evidently played an unimportant role in 
the destruction of the parenchyma. The best interpretation of this 
kidney is a primary hypertension superimposed on a cystic kidney. 

Case 44. The duration of the patient’s illness was indefinite. He 
did not complain of dyspnea or cough but there was a moderate 
pitting edema of the lower extremities. The hemoglobin was 50 per 
cent. Albumin in the urine o to The eyegrounds showed tortu- 
ous arteries and some exudate but no hemorrhages. The heart was 
greatly enlarged. Coma developed and the patient died i week 
after admission. On section the thin cortex of the kidneys was 
closely studded wth small cysts. There were no cysts in the medul- 
lary portions. 

There is an extreme elastic and collagenous intimal thickening of 
the arteries and arterioles and the great majority of the glomeruli 
are hyaline or in a stage of hyaline degeneration due to thickening 
of the capillary basement membranes. A few glomeruli show the 
endothelial proliferation characteristic of primary hypertension with 
uremia (malignant hypertension). The cysts are for the most part 
dilated hypertrophic tubules (Fig. 6). Tubules may be traced into 
cysts, and all transitions may be foxmd between normal tubules and 
large cysts. The interpretation of this kidney is primary hyper- 
tension with atrophy of most of the parenchyma and subsequent 
hypertrophy and dilatation of persistent tubules to form cysts. 
There is no evidence that it is a true congenital cystic kidney. The 
absence of cysts in the medulla is very significant since the medulla 
is nearly always cystic in the congenital cystic kidney. Greene’s 
case of renal rickets, mentioned above, is apparently a dilatation of 
persistent tubules in an atrophic or hypoplastic kidney. 

Case 4. The unilateral polycystic kidney (No. 4, Table IV) may 
be discussed with this group. The patient was admitted to the hos- 
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pital, Dec. 6, 1933, for a traumatic fracture of the left tibia and 
fibula. Her blood pressure was 140/72 at that time. The fracture 
failed to heal. In April, 1934, the blood pressure was 195/110 and 
there was shght edema of the ankles. The blood pressure varied 
from time to time between 140/80 and 195/110. The hemoglobin 
was 85 per cent, and there was occasionally a trace of albumin in the 
urine. She died May 24, 1934, with signs of apoplexy. At postmor- 
tem there was found softening of the left temporal lobe from arterial 
thrombosis. The right adrenal was replaced by a hypernephroma 
weighing 435 gm. The right kidney was of normal structure. The 
left kidney weighed 666 gm. and was fiUed with cysts. There was 
a fair amount of normal parenchyma at one pole. 

Microscopically there is atrophy around and between the cysts, 
but the solid areas have a normal structure. The arteries in both the 
normal and the cystic, kidneys show a fairly marked, elastic-intimal 
thickening and the arterioles in both kidneys show a hyaline intimal 
thickening. The changes in the arteries and arterioles are typical of 
hypertension and there are no differences in the vessels of the two 
kidneys. 


Changes in the Arteries and Arterioles 

Several writers have commented on the condition of the arterial 
system in the polycystic kidney. Meader, 1907, in a stillborn infant 
found the arteries quite large and their walls extensively thickened. 
McKinlay, 1920, in a male 30 years of age, with a very high blood 
pressure, noted that the arterioles frequently showed great thicken- 
ing and hyalinization of their walls. Staemmler, 1921, in a stillborn 
infant, observed thickening of the walls of arteries and arterioles but 
no changes in the intimal layer. 

Ritter and Baehr, 1929, made an excellent study of the arterial 
system by injecting the vessels with a mixture of barium sulphate 
and gelatin and then clearing the specimen. They injected kidneys 
from three cases and found that the interlobular and intralobular 
arteries lie largely in the walls of cysts and that they are greatly 
elongated because of the increased size of the kidney and their tor- 
tuous course aroimd the cysts. The injected kidneys showed a dis- 
appearance of the finer arterial branches. These investigators be- 
lieved that they were dealing with a tjpical, well developed arteriolo- 



4o8 


BELL 


sclerosis and that arterial disease was responsible for the destruction 
of the persistent islands of parenchyma in the polycystic kidney. 

Podgurski, 1930, paid special attention to the arteries in 7 cases of 
polycystic kidneys in adults. He noted that the arteries and arte- 
rioles were “thick-walled and sclerotic.” He called attention to 
h3rpertrophy of the media in i case, and elastic-intimal thickening 
in another. In 3 cases there was pronounced arteriolosclerosis and 
2 of these were interpreted as true hypertension. 

Braasch and Schacht, 1932, stated that there is usually a marked 
thickening of the arteries and arterioles. Their illustration shows an 
artery with no intimal disease but apparently with hypertrophy of 
the media. 

A thorough study of our material has been made to determine the 
structural changes responsible for the thick walls of the vessels and 
the relation of this process to other forms of arterial disease. In the 
group of newborn infants we found normal arteries and arterioles in 
all instances except one. In this case the larger arteries showed a 
definite medial fibrosis which caused the walls to appear somewhat 
hyaline. There was no intimal disease. In the subclinical group, 
Table VI, the arterial changes correspond with the age of the patient 
and no effect of the cystic disease can be seen. 

In the clinical group there are a number of cases in which the 
arterial changes are in excess of processes attributable to age. The 
degree of intimal thickening and medial fibrosis in the arteries and 
arterioles is indicated in Table VII — Grade 3 representing the 
maximum degree of the process. 

The Arteries: (A) The intima shows a high degree of intimal 
thickening in 8 cases (Grade 3 in Table VH). The lesser degrees of 
involvement are explainable on the basis of age. The thick intima 
is responsible for the “thick-walled” appearance of the arteries 
noted by several observers. Elastic tissue stains show that the thick 
intima contains several coarse elastic lamellae, and the azocarmine 
stain shows a large amount of collagenous tissue in addition to the 
elastic layers. Occasionally a large artery is almost completely 
closed by a layer of collagenous tissue inside the elastic layer (Fig. 3) . 
The elastic laminae may be tom and fragmented, indicating retro- 
gressive changes. The significance of this intimal thickening is not 
entirely clear. It is known that hypertension tends to cause elastic 
intimal thickening, but the large amount of collagenous tissue fre- 
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quently seen suggests that some other factor is also concerned. It 
is possible that disuse atrophy is partly responsible for the thickened 
intima. In the atrophic Iddneys of chronic glomerulonephritis the 
arteries often show a similar structure. It is believed that the intimal 
thickening is compensatory in that it reduces the lumen to a size 
consistent with the decreased blood flow. In the polycystic kidneys 
a large proportion of the glomeruli and tubules have disappeared, 
leaving only cysts and fibrous tissue which require much less blood. 

{B) The media of the arteries shows some degree of fibrosis in 
most instances but not in excess of that found in normal kidneys of 
persons of corresponding age, except in one instance, Case 41, in 
which it is very pronounced. With a high degree of medial fibrosis 
the media of the artery has a glassy hyaline appearance. 

The Arterioles: In the arterioles medial fibrosis is often prominent 
(Figs. 4 and 5). In a few instances definite hyaline masses are seen 
in the media. Aside from the 2 cases of true hypertension (Cases 43 
and 44) there is relatively little intimal disease in the arterioles, and 
their lumens are widely patent. The typical arteriolosclerosis asso- 
ciated with hypertension is characterized by a subintimal hyaline 
deposit. The arteriolar disease in polycystic kidneys differs from 
this since it is chiefly fibrosis and hyalinization of the media with a 
normal intima. 

Case 44 is not a true polycystic kidney but a cystic dilation of 
persistent hypertrophic tubules in a hypertensive kidney. Case 43 
is apparently true primary h3pertension superimposed on a poly- 
cystic kidney. Aside from these 2 cases the arterial disease is re- 
sponsible for very little atrophy in the persistent islands of paren- 
ch3ma of the polycystic kidney. In fact, the arterial disease is more 
readily explained as an effect than as a cause of atrophy. The great 
increase in the length of the arteries and their tortuous courses 
around the cysts probably alter their structure. The other influences 
affecting the arteries are the increased blood pressure and the de- 
crease of functioning parenchyma which they supply. 

That the veins of the kidneys are sometimes obstructed is indi- 
cated by Duskes’ report in which an extensive collateral venous cir- 
culation was described. 

H3pertension in polycystic renal disease is to be attributed to 
increased resistance to the flow of blood through the kidneys or to 
anemia. This same principle applies in glomerulonephritis. The 
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experimental work of Goldblatt and his collaborators indicates that 
anemia of the kidney is more important than resistance to blood 
flow in causing hypertension. It is possible that obstruction in the 
renal circulation or anemia of the kidneys brings about reflex stimu- 
lation of the vasomotor center which results in a generalized increase 
of vascular tonus. 


Etiology and Pathogenesis 

It wiU not be necessary to review the older theories of the origin of 
polycystic kidneys; we may begin with the theory proposed by 
Ribbert. A discussion of the earlier theories may be found in Brarm- 
warth’s paper. After the embryologists had established the separate 
origin of the collecting and convoluted tubules, Ribbert offered the 
hypothesis that convoluted tubules fail to unite with the collecting 
tubules and subsequently develop into cysts. This interpretation 
gained widespread acceptance for many years, but has now been 
disproved clearly by Kampmeier’s investigations. 

That the polycystic kidney is due to a developmental defect is 
indicated by the associated anomalies that are commonly present in 
the newborn group. One may find anencephaly, spina bifida, en- 
cephalocele, myelocele, craniorachischisis, imdescended testes, club 
foot, anomalies of the internal genital organs in the female, and so on. 
Cysts are frequently found in the liver and occasionally in the pan- 
creas also (Riimler) . There is no doubt that true polycystic kidne3^s 
are always congenital in origin and definitely hereditary. 

In order to understand the modem theory of the ori^ of the 
congenital cystic kidney it is necessary to be familiar with the normal 
organogenesis of the kidney. The primitive outgrowths from the 
renal pelvis divide and subdivide repeatedly to form collecting tu- 
bules. Each division of the collecting tubules is referred to as a 
generation, e.g. first generation, second generation, and so on. Each 
newly formed collecting tubule from the first generation onward 
comes into contact with the metanephric blastema — an undifferen- 
tiated cellular mesenchymal tissue. The blastema forms a cap over 
the end of the collecting tubule and differentiates into a curved solid 
stmcture, the primitive convoluted tubule, A lumen soon forms in 
the solid tubule and opens into that of the collecting tubule. Com- 
monly the opposite end of the short convoluted tubule develops a 
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glomerulus. The first three or four generations of convoluted tubules 
are not permanent, they become detached from the collecting tu- 
bules and persist for a time as cystic structures usually provided 
with a glomerulus. The generations of tubules after the third or 
fourth are permanent. In the early embryonal period there are, there- 
fore, numerous cysts in the kidneys formed from the first few genera- 
tions of tubules. McKenna and Kampmeier have made numerous 
reconstructions of these cysts. Normally these fetal cysts atrophy 
but their persistence offers the simplest explanation of the origin of 
single and multiple cysts in the adult kidney. 

A fundamental objection to the “failure of union” theory is that 
the metanephric blastema does not develop into a tubule until after 
it has joined the collecting tubule. At least there is no satisfactory 
evidence that any differentiation of the metanephric blastema occurs 
when the collecting tubules do not penetrate it. 

The various stages in the development of the polycystic kidney 
have not been worked out but it is probable that the first stage is 
a persistence of the fetal cystic structures arising from the first gen- 
erations of collecting tubules. It is possible that many of the primi- 
tive tubules fail to become detached and thus prevent the subsequent 
formation of collecting tubules. The rarity of collecting tubules 
in polycystic kidneys supports this hypothesis. On the basis of 
Kampmeier’s theory we can understand why a cyst often contains a 
glomerulus in its wall and why a normal tubule frequently opens 
into a cyst; the detached primitive tubule differentiates into glom- 
erulus and tubule and a part or all of the tubule becomes cystic. 
Since the glomeruli of the detached tubules have a normal blood 
supply the secretion of urine would tend to cause cystic dilatation 
of the tubules. 

An outstanding feature of the polycystic kidney is the marked 
reduction in the number of functioning units or nephrons. When 
, death occurs in early infancy it is found that the number of normal 
nephrons is insufficient to maintain life. But since a great many 
persons with polycystic kidneys live until middle life or later we may 
ask — what was the structure of their kidneys at birth? And what 
changes did they undergo between birth and the final termination 
in uremia? We have only incomplete answers to these questions — 
the various stages in the development of the polycystic kidney have 
not been identified. We know that the kidneys become progres- 
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sively larger. Numerous writers have observed great increases in 
size over a period of years or months. It is also fairly clear that this 
increase in size is due largely if not entirely to an increase in the size 
of the cysts and not to an increase in number. The stages imme- 
diately preceding renal insufficiency have been identified; our sub- 
clinical group (Table VI) contains examples of this type. These 
kidneys differ from those with renal insufficiency in that they show 
larger areas of parenchyma not yet replaced by cysts. The con- 
tinued expansion of the cysts in this subclinical group would destroy 
more parenchyma and bring on renal insufficiency. Stieda de- 
scribed an excess of connective tissue in the medulla in a subclinical 
case. Although the stages have not been identified it is highly 
probable that polycystic kidneys at birth have a still greater pro- 
portion of intact parenchyma than is found in the subclinical group 
at postmortem. In childhood and youth the persistent islands of 
parenchyma hypertrophy and compensate for the tissue destroyed 
by the cysts. This is probably the reason why there are so few 
deaths between infancy and the third decade. But in adult life the 
ability to h)T;)ertrophy is greatly decreased, parenchyma is de- 
stroyed more rapidly than it can be replaced and the patient pro- 
gresses toward renal insufficiency. 

The destruction of parenchyma is due largely to the cysts. An 
associated hypertension, as in Case 43, or glomerulonephritis as in 
Case 36, may destroy the islands of parenchyma, but these compli- 
cations are unusual. The destructive effects of pressure are easily 
observed between and around the cysts. The tortuous thick-walled 
arteries and the elevated blood pressure probably contribute to 
some extent to the destruction of the parenchyma. The expansion 
of the cysts produces a pressure atrophy of the tubules and glom- 
eruli. The abimdant interstitial tissue, especially in the medulla, 
becomes more dense and fibrous with age and also compresses the 
tubules. Some of the smaller cysts in adult kidneys represent hyper- 
trophy of persistent tubules, or they may be tubules that originally 
communicated with the pelvis which were later obstructed by the 
pressure of connective tissue or cysts. The great majority of the 
larger cysts are probably of fetal origin. 

Cystic kidneys are frequently found in the horse and pig, rarely 
in the cat and vald animals (Hartoch), 
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Summary 

Polycystic kidneys are found once in about every 500 post- 
mortems, and from 5 to 10 per cent are unilateral. 

In our autopsy service about one-third of the cases occurred in 
infants, the majority of which were stillborn. 

There are relatively few clinical cases between infancy and the 
age of 25 years, but the disease is always congenital. 

We may distinguish a surgical type in which the patient presents 
symptoms and signs referable to one kidney, viz. pain, tumor, hema- 
turia, infection, and so on. 

In the medical type the s3miptoms are those of acute or chronic 
renal insufficiency, and the functional disturbances correspond to 
those of contracted kidneys. Attacks of hematuria are, however, 
distinctive. 

Edema is rarely prominent, and cardiac failure is unusual. 

The systolic blood pressure is 150 mm. Hg or higher in over 50 per 
cent of the cases that have been reported, and hypertension is some- 
what more frequent in advanced than in early stages of the disease. 

Cardiac hypertrophy often develops but is much less pronounced 
than in primary h3pertension. 

Retinal changes of the hypertensive type may be found, especially 
in those with very high blood pressure. 

Some patients Hve many years after symptoms have developed. 
When the renal reserve is low, i.e. in advanced cases, pregnancy 
causes a t3pical nephritic toxemia, but there is no disturbance when 
the renal reserve is good. 

There is abundant evidence that polycystic renal disease has a 
strong hereditary tendency. 

The pyelogram is of great diagnostic value in cases where the 
diagnosis is otherwise difficult. 

In the newborn group the outstanding structural changes are the 
presence of numerous cysts, h3poplasia of parenchyma, i.e. a great 
reduction in the number of nephrons, and an excessive amount of 
interstitial connective tissue. 

The numerous “glomerular” cysts are interpreted as vestigial 
structures derived from the first three or four generations of tubules. 
In the subclinical group there is abimdant renal parench3mia 
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between the cysts, while in the clinical group the parenchyma may 
be reduced to a few small scattered islands. 

The progressive atrophy of the parenchyma is brought about 
chiefly by continuous expansion of the cysts. Arterial disease plays 
a minor role in this process, except in the occasional case in which 
true primary hypertension is superimposed on the cystic disease. 

The arteries usually show a marked intimal thickening which is 
attributed chiefly to disuse atrophy but partly to h)^ertension. 
Medial fibrosis in the arteries is explainable on the basis of age. 

The arterioles show no marked intimal disease except when pri- 
mary hypertension is a complication. However, they often show a 
marked medial fibrosis. This process is not true arteriolosclerosis. 

Kampmeier’s theory of the origin of the cysts is favored. 

One case is described (Case 44) in which compensatory dilatation 
of persistent tubules in a hypertensive contracted kidney caused it 
to resemble the true congenital cystic kidney. 
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DESCRIPTION OF PLATES 
Plate 56 

Fig. I. Case 30 (Table \TI). Section of a kidney from a patient who died of 
uremia. No islands of normal parenchyma are present. 

Fig. 2. Case 24 (Table VTC). Section of a kidney from a patient who died of 
bacterial endocarditis. There was some renal insuflSciency. Note the large 
areas of persistent parenchyma. 





PiATE 57 

Fig. 3. Case 2 (Table \TI). iledium sized renal artery showing a high degree 
of intimal thickening. The intima is composed of both elastic and collag- 
enous fibers. 

Fig. 4. Case 36 (Table \TI). Arteriole showing extreme medial fibrosis. The 
wall consists entirelj"- of collagenous fibers which appear black in the illus- 
tration. There are no muscle fibers or elastic fibers. The intima is normal. 
MaUorj^-Heidenhain stain. 


















Plate 58 

Fig. 5. Case 37 (Table VII). Arteriole showing extreme medial fibrosis. 
Nuclei of muscle fibers are seen (the clear rounded areas), but no muscle 
sarcoplasm is present. The wall is composed entirely of collagenous fibers 
(black). The intima is normal. The lumen is dilated. !Mallor}'-Heiden- 
hain stain. 

Fig. 6. Case 44 (Table VH). Hypertensive kidney with multiple cj^sts formed 
by dilation of tubules. These are not congenital cysts. 










THE LIPID CONTENT OF LR^RS OF NON-IMMUNIZED AND 

IMMUNIZED HORSES* 

, Augustus Wadsworth, M.D., L. W. Hyman, and R. R. Nichols 

{From the Division of Laboratories and Research, New York State Departfiieni of Health, 

Albany, N. Y.) 

Prolonged or intensive immunization of horses for the production 
of therapeutic serums is so often complicated by fatty degeneration 
or even rupture of the liver, that a chemical and histological study 
was made of the tissue changes and of the extent of the degenerative 
processes in this organ. It is the purpose of this paper to record the 
observations made in the course of these studies. Further investiga- 
tion of the lipid constitution of the blood, plasma and serum will be 
recorded in a second paper. 

A number of investigations have been made of the cliemical nature 
of the fatty changes in the liver. In 1914 Imrie ^ examined human 
livers. The method of procedure for the estimation of fats consisted 
in saponifying the tissue with potassium hydroxide. To the saponi- 
fied digest, sulfuric acid was added to liberate the fatty acids, which 
were extracted with petroleum ether and evaporated; the residue was 
weighed. No corrections were made for cholesterol. It is evident that 
the fatty acids contained in the phospholipids are a part of the fatty 
acids determined. The significance of the phospholipids was not con- 
sidered in Imrie’s work. 

Theis^’®’^ concluded from his investigation that there is a definite 
and quite constant correlation between the phosphohpids and the 
total fatty material in normal liver tissue, and proposed the equihb- 
rimn equation phospholipid neutral fat. In abnormal conditions 
he found that there may be either a change in total lipid content or 
more generally a shift to the right of the phosphohpid-neutral fat 
ratio.” ^ The distribution ratio in beef liver he reported as 55 per 
cent phospholipid : 45 per cent neutral fat. Apparently a variation of 
10 per cent in the ratio was not considered significant by Theis. The 
lipids of two hiunan livers accepted as normal had ratios of 50 per 

* Presented at the meeting of the American Association of Immunologists, Washing- 
ton, D. C., May 9 and 10, 1933. 

Received for publication September 26, 1934. 
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cent phospholipid: 50 per cent neutral fat and of 59:41, while two ab- 
normal fatty livers had a ratio of 45 : 55 and 17 : 83. Theis obtained 
only about 75 per cent phospholipids in the extracted solids. This 
may have been due in part to incomplete precipitation of phospho- 
lipids on adding acetone to the ether solution of the lipids. MacLean 
and Williams,” also MacLean and MacLean,*' found that the phos- 
pholipids may form as much as 84 per cent of the total fat and ques- 
tioned the presence of any true fat. 

The determination of lipids in horse liver tissue, as planned for this 
investigation, involved the estimation of total fatty acids, phospho- 
lipids, free and esterified cholesterol, and the iodine value of the total 
fatty acids. The extraction of the lipids was made with boiling alco- 
hol and ether and is recognized as the Bloor procedure. The deter- 
mination of total fatty acids and phosphohpids was also based on 
Bloor’s methods.^ In the estimation of phosphohpids, the phospho- 
rus was determined in the petroleum-ether extract and calculated to 
lecithin. The phosphorus was precipitated and weighed as ammo- 
nium phosphomolybdate. The method used is essentially that de- 
scribed by Elek.*’ This procedure supplanted the acetone and mag- 
nesium chloride precipitation as practiced by Bloor.^" The Osato and 
Heki methods, with slight modifications, were used for the estima- 
tion of free and esterified cholesterol. The iodine values of the total 
fatty acids were determined by the Rosenmund and Kuhnhenn py- 
ridine-dibromide method, as practiced by Yasuda.^^ All results ob- 
tained in the lipid work were determined by micromethods. The esti- 
mation of neutral fats (triglycerides) was made by calculating the 
fatty acids in the phospholipids (taken as two-thirds of the w'eight) 
and the cholesterol ester (esterified cholesterol X 0.734). The sum 
of the fatty acids in the phospholipids and the cholesterol was sub- 
tracted from the total fatty acids. The residual fatty acids multi- 
plied by the factor 1.045 g^-ve the neutral fat. 


Vaiuation in Duplicate Analyses 



No. 

Average 

Total fatty adds 

49 

/<7 

2.9 

Phospholipids 

25 

r .7 

Total cholesterol 

23 

1.6 

Free cholesterol 

24 

1.8 
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With a few exceptions at the beginning of the study, the analyses 
were done in duplicate and, in order to record the accuracy of the 
data, the above tabulation has been compiled. 

The hvers from 8 non-immunized and 41 immunized horses were 
studied. The immunized animals included ii tetanus, 6 diphtheria, 
I botulinus, 7 meningococcus, 12 pneumococcus, and 4 streptococcus 
horses. One horse which was not immunized but had parasitic infes- 
tation died. The analysis of this liver is appended to record the 
changes found in this condition; likewise that of a donkey which had 
been immunized, first with sheep cells and then with B. abortus. 
Some of the horses had been immunized with various cultures and 
toxins; that used last determined the classification. Two of the 
horses studied were not under active immunization at the time of 
death and are classified as “resting.” The results of the chemical 
analyses are recorded in Tables I and II. 


Table I 


Variation in the Lipid Content of the Livers of N on-Immtinized 
and Immunized Horses 



Number of horses 

6 non-immunized 

2 resting 

41 immunized 

Total fatty acids % 

Total fatty acids iodine value. . % 

phospholipids % 

Free cholesterol % 

Esterified cholesterol % 

Neutral fat % 

range 

2.48-2.82 

90.2-96.7 

3.24-4.55 

0. 159-0.216 
0.010-0.030 
0.25-0.54 

1 

range 

2.63-2.73 

97.0-104.9 

3.68-3.87 

0. 177-0. 199 
0.007-0.032 
0.14-0.15 

range 

1.82-9. 12 
77.1-103.3 
I. 41-4. 30 

0. 169-0. 262 
0.007-0.493 

0.15-5-75 


The percentage of the total fatty acids in the non-immunized and 
resting horses varied but little; in the immunized horses the variation 
was quite pronounced. The iodine values indicated a quite uniform 
degree of imsaturation. The amount of phospholipids of the non- 
immunized and resting horses varied only slightly, while that of the 
immunized horses showed appreciable differences in percentage and, 
with few exceptions, was uniformly less. The free-cholesterol values 
in the non-immunized and resting horses were similar; with the im- 
munized horses the range was higher. The esterified cholesterol was 






Table II 

The Distribution of Lipids in the Livers of S N on-Immnnizcd and 41 Immunized Horses 
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a low value with most of the horses; the few exceptions account for 
the wide range recorded. The neutral fats in the non-immunized and 
resting horses were uniform in amount and indicate a low level under 
conditions approximating the normal; with the immunized horses the 

t 

range was much higher. 

The data obtamed from the analyses of these livers of non-immun- 
ized and immunized horses indicate ratios between the phospholipids 
and neutral fats higher than those reported by Theis or MacLean. 
These percentage ratios are recorded in Table II. Owing to its lower 
phospholipid and higher free-cholesterol content, the phospholipid: 
free-cholesterol ratio of liver tissue from immunized horses, with the 
exception of those that died during a rest period, was lower than that 
of liver tissue from non-immunized horses. The phospholipid: free- 
cholesterol ratio seems to have a definite relation to the extent of the 
injury resulting from immunization with bacterial toxins. 

The titers of the serums are included in the table to complete the 
record. The antitoxic titers are expressed in standard units. The 
potency of the antimeningococcus and antipneumococcus serums is 
expressed in relation to the New York State minimmn control serum 
as Approximately Standard, Low, or High. The antistreptococcus 
serum is classified with the antimeningococcus and antipneumococ- 
cus serums because it is produced by immunization mth living cul- 
tures, but the titer is expressed in standard antitoxic units. The pro- 
cedure of immunization, mth the exception of the diphtheria horses 
which were experimental, follows closely that prescribed in the 
Standard Methods of the Division of Laboratories and Research of 
the New York State Department of Health 

At autopsy the tissues of the organs were prepared for microscopic 
examination to determine the character and extent of the degenera- 
tive changes. These varied greatly but were most marked in the 
liver, kidney and adrenal glands. Apart from slight changes attrib- 
uted to age, previous treatment, or artifacts of fixation, the livers of 
the non-immunized and resting horses were considered to approxi- 
mate normal; the parenchyma to be quite so. The chemical analyses 
gave a uniform ratio approximating the average of 19.8 : i between 
the phospholipids and the free cholesterol. In so far as practical, 
therefore, these horses afforded a basis for comparison vdth the 
changes that were observed in the other groups of immimized horses, 
which had varying degrees of parenchjunatous degenerative change. 
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In some instances this appeared to be more marked in the kidney 
than in the liver, but in others, and especially in horses with rup- 
tured livers, the reverse'was true. Areas of hemorrhagic extravasa- 
tion were especially marked in these livers. 

The most advanced and extensive lesions in the liver were found in 
the horses that died with rupture of the liver. Less than 10 per cent 
of the cells retained any of their structure in horse No. 163; in 
No. 325 the nuclei, cytoplasmic reticulum and granular elements had 
disappeared and were replaced with hyaline material stained faintly. 
In others the cytoplasm had degenerated in a similar manner, but 
the nuclei had survived. The parenchymatous degeneration affected 
the liver cells quite generally. Fatty infiltration, varying in degree 
throughout the liver, appeared in zones of the lobule or in areas. 
There were foci of degeneration and necrosis infiltrated with round 
cells, resembling the focal necrosis observed in typhoid fever. Also, 
changes suggesting early stages of cirrhosis were noted occasionally. 
The degenerative changes m the liver cells affected the periphery 
first and the basal portion and the nucleus last. The outer third or 
two-thirds of the cell may separate, forming threads which, when 
stained with hematoxylin and eosin, resemble the amyloid liver but 
do not take the characteristic stains until the advanced stages are 
reached. The amyloid thus appears in this hyaline material. The ex- 
tremes of early toxic degeneration following a single fatal dose of 
diphtheria toxin and of late amyloid change are recorded respectively 
in the photomicrographs of horses Nos. 380 (Figs. 3 and 4) and 163 
(Figs. 8 and 9). In some instances the hyaline material is derived 
from the blood following stasis and degeneration. 

Owing to the fact that these horses had been under immunization 
for var3dng periods of time and with varying quantities of toxic ma- 
terial, it is only possible in this series to note the fact that the most 
pronounced and most advanced changes in the liver were foimd in 
those horses with the lowest ratio of phospholipids : free cholesterol. 

The ratio of phospholipids: neutral fat varies quite markedly in the 
different groups of immunized horses. The ratio of phospholipids: 
free cholesterol was practically uniform in the non-immtmized and 
resting horses. In these two groups this ratio corresponded closely, 
whereas among the animals under active immunization the phospho- 
lipids were reduced, and the phospholipid : free-cholesterol ratio, 
in general, corresponded with the changes in the liver; the reduction 
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in this ratio was most marked in the 5 horses that had ruptured 
livers. 

Finally, a striking variation was noted in the esterified cholesterol. 
This was greatly increased in horse No. 163, which had been immun- 
ized for more than 7 years with streptococcus and died of a ruptured 
liver. The blood serum had consistently a very high antitoxic titer 
(1200 units per cc.). 

Frozen sections of some of the livers which had been hardened in 
formalin were stained with scharlach R. The results are recorded in 
Table 11 to indicate, in general, the amoimt of fat observed with this 
stain. The disposition of fat in the liver cells of these immunized 
horses was interesting in that there appeared to be stages of the de- 
generative process in which fat globules within the cell accumulated, 
increasing in size. In later stages they were not so apparent, yet the 
fatty substance had increased, as shown by chemical analyses and by 
the scharlach R stain. 

Correlation of the changes in the liver tissue of the immtmized 
horse with the results of the chemical analysis is complicated by the 
protective action of the immunization which was, in varying degree, 
adequate or inadequate. This, however, is undoubtedly what occurs 
in the course of prolonged human infections in which the liver is in- 
volved. In a few instances an early stage of cirrhosis appeared to be 
associated with, or to follow, degeneration, necrobiosis and necrosis 
of the parenchyma. Although the cells throughout the liver suffered 
quite generally, the character and extent of the parenchymatous de- 
generation varied greatly in the different horses. The liver cells were 
protected as a result of the prolonged immunization. Despite exten- 
sive injury and even necrosis, many cells survived, and the nucleus 
appeared to be less vulnerable than the cytoplasm. 

Summary 

Analytical data are recorded indicating the distribution of the 
lipids in the livers of 6 non-immunized, 2 resting, and 41 immunized 
horses: ii with tetanus toxin; 6, diphtheria toxin; 1, botulinus toxin; 
7, meningococcus cultures; 12, pneumococcus cultures; and 4 with 
combinations of streptococcus cultures and toxin. 

The degenerative changes that developed in the liver as a result of 
the immunization are described and are recorded in the photomicro- 
graphs. 
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Plate 59 

Fig. I. Horse No. 435. Female, 23 years, -weiglit 950 pounds. Not immunized; 
bled (7000 cc.) twice; received one dose of 2000 units of tetanus antitoxin. 
January 1933, bled out (15,500 cc.) and shot. Liver weighed 5920 gm. 

Section stained with hematoxylto and phloxine shows approximately 
normal liver, x 150. 

Fig. 2. Horse No. 385. Female, 16 years, weight 1150 pounds. Immunized 
with tetanus toxin 10 months, doses of 0.7 to 350 cc., the maximum, given 
at intervals of 4 to 8 days the last 3 months. Oct. 28, 1932, prolapse of 
rectum; sacrificed by bleeding out. 

Autopsy: General condition good, medium fat; thrombosis of branch 
mesenteric artery; large and small intestine thickened, edematous with 
hemorrhagic areas; subendocardial hemorrhages in left ventricular valve; 
liver weighed 6400 gm. 

Section stained with hematoxylin and phloxine shows degenerative 
change of moderate degree, x 150. 

Fig. 3. Horse No. 380. Male, 2 years, weight 525 poimds. Dec. 14, 1933, re- 
ceived tetanus antitoxin and 6 cc. of diphtheria toxin diluted 1:20 (150 
mld) subcutaneously, followed by swelh'ng of both sides and along abdo- 
men. Dec. 28, 1933, found dead. 

Autopsy: Petechiae in small intestine, pleura, and pericardium; conges- 
tion and edema of lungs; kidney and spleen somewhat congested; liver 
weighed 7075 gm. 

Section stained vlth hematoxylin and phloxine shows the marked changes 
of an acute fatal toxemia in a young horse, x 150. 










Plate 6o 


Fig. 4. Higher magnification of Fig. 3. x 500. 

Fig. 5. Horse No. 451. Female, 21 years, weight 925 pounds. Immunized with 
pneumococcus tj'pe I (Neufeld strain) living cells for 6 months, with doses 
of 25 to 225 cc., a maximum, followed b3' four doses of whole culture 
containing 2 per cent blood, 100 cc. each. A month later, Nov. 6, 1933, shot. 

Autopsy: Vegetative endocarditis, mitral and aortic valves; marked 
petechial eruption noted in various tissues and organs; h'ver, brownish yel- 
low in appearance, weighed 7160 gm. 

Section stained with hematoxylin and phloxine shows changes of more 
marked degree than those in Fig. 3. x 150. 

Fig. 6. Horse No. 339. !Male, 5 3'ears, weight 777 pounds. Immunized with 
tetanus toxin i 3'ear and 4 months, doses of 0.7 to 200 cc., a maximum, 
given the last 12 months at intervals of 4 to 8 da3's. July 25, 1932, sacri- 
ficed by bleeding out under chloroform anesthesia owing to poor condition 
and low titer of the serum. 

Section stained by hematox3'lin and phloxdne shows advanced degenera- 
tive processes with appearance of earl3'’ stage of amyloid change which, 
however, does not stain in a characteristic manner with iodine and sul- 
furic acid, meth3d violet or iodine green, x 150. 
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Fig. 7. Higher magnification of Fig. 6. x Soo. 

Fig. 8. Horse No. 163. Female, 21 years, weight 900 pounds. Immunized, 
beginning June 1924, with streptococcus (Dochez, N. Y. 5) living culture 
in agar for 12 months, then supplemented by toxin in doses of 10 to 525 cc., 
a maximum. Rested July 1926 to August 1927. Immunization resumed 
through June 1928; horse then rested until April 1930, when immunization 
was again commenced. May 6, 1932, 7 a.m., found dead. 

Autopsy: 11:30 a.m. Hemorrhage into abdominal cavity from large 
ruptures of the liver, margins and dorsal surface of right and middle 
lobes; liver tissue soft and light colored; marked degeneration throughout. 

Section stained with hematoxylin and phloxine shows the most advanced 
degenerative processes observed. The hyaline material was practically all 
am5doid and stained a typical reddish violet with methyl violet, x 150. 

Fig. 9. Higher magnification of Fig. 8. x 500. 



AirERicAN Journal of Patuology. Vol. 


Plate 6i 



Wadsworth, Hyman and Nichols 


9 


Lipid Content of Livers 




A GANGLIONEUROMA IN THE NECK OF A CHILP * 


Joseph McFaeland, M.D., Sc.D., and Samuel W. Sappington, M.D. 

{From the McManes’ Laboratory of Pathology, University of Pennsylvania, and 
the Hahnemann Medical College, Philadelphia, Pa) 

Neoplasms of nervous origin are always interesting because of 
their comparative rarity, their doubtful origin, their variable struc- 
ture, the difficulty of properly naming and classifying them, and 
the uncertainty of their clinical behavior. The particular tumor 
whose description follows was therefore welcomed and the result of 
its study made the starting point of a thorough literary and critical 
survey of the group of tumors to which it was finally assigned. 


Report oe Case 

Clinical History: A. C., a white female, 7 years of age, whose parents are liv- 
ing and well, was dehvered by a normal labor, weighing at birth 9^- pounds. She 
was breast fed for i month only. 

The first teeth erupted at 3 months but the teeth of the first dentition were 
all poor in quality. Infancy and early childhood were uneventful, but at si 
years of age, a swelling made its appearance in the region of the cervical lymph 
nodes and continued to enlarge until, her parents becoming apprehensive, she 
was brought to the hospital. She was thought to have tuberculous adenitis and 
was given a course of five X-ray treatments, 3 weeks after the last of which she 
was admitted to the Hahnemann Hospital on Feb, i6th, 1931. 

On admission the patient was rather pale, though apparently well nourished. 
Examination showed the breathing to be slightly obstructed and the tonsils en- 
larged. A large, smooth, nodular mass was present in the right side of the neck 
which was not tender, and did not fluctuate. Blood examination on admission 
showed hemoglobin 70 per cent, erythrocytes 3,500,000, leukocytes 5900. A 
second blood examination made March 4th showed the hemoglobin to be 72 
per cent, erythrocytes 4,290,000 and leukocytes 6200, of which 58 per cent were 
polymorphonuclears, 35 per cent lymphocytes, and 7 per cent transitionals. 
The temperature varied between 97 and 99.8° F., and the pulse between 76 and 
118. 

On Feb. 23rd, 1931, a tonsillectomy was performed and a pharyngeal abscess 
opened. The general condition then improved, though no change occurred in the 
swelling in the neck and the temperature continued to rise occasionally. 

Ah examination of the chest made March 5, 1931, showed bronchial breath- 
ing, more tubular than usual, in the midportion posteriorly, with broncophony 

* Received for publication November 2, 1934 
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and -well transmitted tactile fremitus and rales. Heart normal. A Mantoux 
test was performed on the right forearm and reported positive. 

An X-ray examination of the chest made March lo, 1931, showed distinct 
thickening of the roots of the lungs with extension to both bases and to the right 
upper lobe. There were a few calcified areas at the roots of the lungs and some 
mottling of both upper lobes. The disturbance at the roots of the lungs was 
thought to be in the bronchial lymph nodes. 

On March 12 , 1931, another Mantoux and a von Pirquet test were performed 
on the left forearm, and on March i8th both were reported negative. 

On April 4th the patient was released on the mother’s request, and the diag- 
nosis recorded as tuberculous adenitis. 

She was readmitted to the hospital on April 23, 1932. Blood examination 
gave 7400 leukocytes, of which 61 per cent were polymorphonuclears, 38 per 
cent lymphocytes and i per cent basophiles. Two days later the hemoglobin 
was 91 per cent, leukocytes 6200, of which 82 per cent were polymorphonuclears, 
13 per cent l3rmphocytes, 2 per cent transitionals and 3 per cent eosinophils. 
After two more days there were 65.5 per cent polymorphonuclears (55.5 per 
cent mature, 7 per cent immature and 3 per cent metaleukocytes), 28 per cent 
lymphocytes, 4.5 per cent transitionals, and 2 per cent eosinophils, with abun- 
dant platelets, many broken, poorly stained and degenerated white cells. The 
red cells were normal. The temperature, 100° F. on admission, descended to 
99° F. that night, and remained at that point. 

On April 27, 1932, an X-ray examination of the chest showed the conditions 
previously reported, except for pulsation in the right infraclavicular region 
thought to be characteristic of tuberculous infection. 

On May 4, 1932, the patient was operated upon and a firm encapsulated 
tumor about the size of a lemon was removed from a position deep down in the 
neck. At the upper pole it appeared to be attached to some bony structure; 
elsewhere it was free. 

Specimen from the operation consisted of two masses of tissue, one 6 by $ by 
4 cm., the other 5 by 3 by 2.5 cm., weighing 90 gm. They were white, fairly 
firm and easy to section, but the gross appearance was not characteristic of any 
recognized condition. There were no areas of caseation and no suggestion of 
tuberculosis. 

After the operation the temperature of the patient varied about 100° F. for 
a week or so, then gradually descended to reach normal by May 20th. Addi- 
tional X-ray treatments were given for prophylaxis against recurrence, on May 
24th and May 27th, and the wound having healed the patient was discharged 
June i8th, 1932. 

She reported at the hospital for follow-up examination June 24th, when she 
looked well and said that she felt well. 

She was again seen on May sth, 1934 (2 years later), and seemed to be quite 
well. Her mother, however, said that she coughed during the day and was ner- 
vous during the night. She also turned her head to one side when swallowing, 
probably because of the effect of the operation scar. 

Careful examination of the scar and its neighborhood showed no evidence of 
any recurrence of the tumor. She has, how’cver, a curious soft swelling, sharply 
limited to the left side of the tongue, thought by the mother to have developed 
after leaving the hospital. An X-ray examination of the chest showed no sign 
of metastatic tumors in the lungs. 
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Microscopic Examination 

The tumor consists of a fibrillar background or stroma in which are 
scattered cells and cells in groups. 

The fibers that make up the greater part of the tumor present 
considerable diversity of appearance. Some are extremely fine and 
wavy, others coarse and collagenous. The indistinct bundles of 
fibers intertwine so that they are always cut both longitudinally and 
transversely. Some have their respective fibrils widely separated, 
as in edema, others are compact. There is an occasional tendency 
to hyalinization, and at many points a granular breaking down fol- 
lowed by coUiquation necrosis leading to the formation of minute 
indefinite spaces. 

The nuclei of the fibriUar tissue are elongate, oval and vesicular 
where the fibers are coarse; elongate, slender and more uniform 
where they are fine and wavy. In many places distinct palisades of 
nuclei show indubitably that the fibers belong to nervous tissue. 
A few definite nerve fasciculi are seen, but may belong to ante- 
cedent nerves about which the tumor has grown. Except in them, 
no medullary sheaths were found. 

The cells distributed through this background of fibers seem to 
form an ascending series that begins with small cells not unlike 
lymphocytes and ends in t3q)ical ganghonic nerve cells. The various 
forms — neurocytes, neuroblasts, sympathoblasts and ganglion 
cells — occur together. Individual cells in all or any of these stages 
of development are scattered singly or in groups throughout the 
whole tumor. 

Small ceU groups of spindle shape, and composed of a few large 
unmistakable nerve cells, with abimdant cytoplasm, beautiful 
vesicular nuclei and large distinct nucleoh, flanked by smaller cells 
tapering off to very small ones at the ends of the spindle, not in- 
frequently occur in the intervals between the fibers. 

Larger collections of cells constitute a striking picture. A good 
many correspond with the ganghonic nerve cell groups characteristic 
of ganghoneuroma, and adjacent to them pahsade arrangement of 
the nuclei shows the fibrillar tissue to consist of Schwann cells. There 
is no doubt but that the tumor is a ganghoneuroma. But it is not 
without its eccentricities. Many of the cehs are immature forms 
closely or loosely massed together in a very dehcate or loose stroma, 
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or in indefinite spaces in the stroma. These cell aggregations, so 
numerous, so large, and so indefinite, misled some of those who first 
examined the tissue into the error of believing that they were look- 
ing at some form of malignant epithelial tumor. 

The cells represent all of the stages of development, but instead 
of each progressing regularly to the ganglion cell stage, those of all 
stages seem to multiply at random, then degenerate or liquify. 

Scarcely a nerve ceU, primitive or advanced in development, ap- 
pears to be in a state of good health. Large ganglionic cells with 
beautiful vesicular nuclei commonly have finely or coarsely vacuo- 
lated cytoplasm, or they possess two, three or four nuclei, uniformly 
developed and healthy ; or, one or several nuclei may appear normal 
while others may be mitotic, pyknotic or vacuolated, hlitoses, not 
frequent, may be found in the ceils of the same group. In adjacent 
groups there may be none. Judging by this criterion the growth of 
the tumor should have been slow and should have progressed by 
multiplication of cells, now here, now there. 

The retrogression and coUiquation of the ganglion cells was at- 
tended by finer, then coarser vacuolation, then fraying at the edges. 
In some cases there was cytopyknosis and karyopyknosis in which 
the nuclei became small, dark colored bodies eccentrically situated 
toward the surface of the cell whose cytoplasm was solid, uniform 
and eosinophilic. 

The general impression resulting from the study of sections stained 
by hematoxylin and eosin, iron hematoxylin, WeiFs and Bielschow- 
sky’s methods may be summed up as follows. The neoplasm is a 
ganglioneuroma whose development began with the multiplication 
of embryonal neurocytes, and continued through the continued 
multiplication of those primitive cells and their evolving descend- 
ants up to the stage of ganglion cells. Whether perfected ganglion 
cells can multiply is uncertain, but many which seem to have reached 
perfection contain two, three and four nuclei and show an occasional 
mitotic figure. These ganglion cells probably give off neuraxons, 
which account for the nerve fibrils brought out by the Bielschov/sky 
stain, and seem to excite the proliferation of the Schwann cells 
which shovr the palisades of nuclei. Then the ganglion cells, and 
many of the sympathoblasts not yet that far developed, lose their 
vitality, retrogress and dissolve into the jelly-like accumulations 
by which the collections of dying cells are surrounded. In a few 
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instances the dead cells calcify so that occasional, small, irregularly 
rounded aggregations of lime salts occur in the tissue. The genera- 
tions of cells that have matured, produced fibrils and disappeared, 
account for the neurofibromatous stroma or matrix of the tumor. 

Comment 

Wahl in speaking about ganghoneuroma in his excellent and 
complete paper credits its name “ganglioneuroma” to Odier in 
1803, its origin from S3nnpathetic ganglia to Giinsburg®® in 1845, 
and its position with respect to .other nervous tumors to Virchow 
in 1863. With the subsequent publications of Loretz,®"^ Key,® and 
Weichselbaum the tumor became a well established and generally 
recognized entity that has attracted more and more attention and 
led to the reporting of more and more cases with the passage of time, 
as shown in the papers of Wahl,*®^ Hook,®® Rapp,^^® Pick and Biels- 
chowsky,^®® Dunn,^^ ygn Fischer,^® Riggs and Good,^^^ Smirnoff,^^® 
and Bigler and Hoyne.^® 

It is interesting to see that the number of reported cases increased 
from 33 in 1911, 36 in 1913, and 68 in 1932, to the present total of 
143 that can be drawn from our bibliography. Accuracy regarding 
the munber of published cases is impossible because of the difference 
of opinion as to just what tumors shall be included under the name 
ganglioneuroma. Ever since the tumor was first described by 
Odier the criterion for its identification seems to have been the 
presence of an abnormal number of ganglion nerve cells, but Gib- 
berd ®® has described as ganglioneuromas two tiraiors in which no 
ganglion cells were foimd in the sections examined by Mr. R. Davies- 
CoUey, his pathologist. 

Pick and Bielschowsky ^®® in 1911 expressed the opinion that the 
tumors of the group to which the ganglioneiuomas belong, originate 
through embryonal malformations or the displacement of multipo- 
tential embryonal neurocytes, and consist of “ripe” or “unripe” 
neuroblasts. This idea agreed with that of Brossok^® in 1911 and 
Dunn in 1915, and was elaborately discussed, especially with 
reference to the benignancy and malignancy of the tumors by von 
Fischer'*® in 1922. 

According to von Fischer the primitive nerve cells, or sympatho- 
gonia, as they multiply to form tumors may maintain their primi- 
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live or ori^nal shape and indicate their nature solely by the forma- 
tion of the finest fibrils which lie between the cells without any 
kind of definite arrangement. A tumor of this structure is called 
“sympathogonioma” by Kohler, and constitutes the most primitive 
variety of neuroblastoma. With a slightly more advanced stage of 
differentiation these fine fibrils are gathered into coils or skeins about 
which there is a more or less distinct arrangement of the sympatho- 
gonia to form rosettes, while elsewhere numbers of the cells are 
advancing in size and differentiation to sympathoblasts or the ante- 
cedents of the ganglion cells. A tumor of this slightly higher struc- 
ture is called ‘‘ sympathoblastoma.” When the number of sympatho- 
blasts begins to exceed the number of sympathogonia, and more 
definite ganglion cells appear, singly or in groups, amid bundles of 
fibers and cells of Schwann, the tumor becomes “ganglioneuroma 
simplex.” 

It thus appears that two entirely different appearing tumors, the 
sympathoblastoma (neuroc3rtoma of Marchand and Wright 
and the ganglioneuroma, simply represent the beginning and termi- 
nal stages in the neoplastic development of the embryonal nerve 
cells of which they are made up. 

But the vegetation and differentiation of the cells do not regularly 
parallel one another. The cells may remain in the stage of sympath- 
ogonia or neuroblasts, when the tumors, purely cellular, highly 
malignant and metastatic, are easily mistaken for small round cell 
sarcomas; or some of them may persist in that primitive state while 
others differentiate into ganglion cells with nerve fiber and Schwann 
cell additions, giving rise to tumors, parts of which seem to be of 
one kind, other parts of another kind. Such a tumor was described 
by Robertson as a ganglioneuroblastoma. 

As the respective malignancy or benignancy of the nerve cell 
tumors is the result of the failure of the cells to mature on the one 
hand, and the perfection of their maturation on the other, any tumor 
containing sympathoblasts (or neurocytes) may be considered as 
malignant, or potentially malignant, in proportion to the number 
and vegetative activity of the primitive cells it contains. It is the 
small size of the primitive cells, their independence, and the ease 
with which they can be transported that are responsible for the 
metastases. It may therefore be assumed that every metastasis 
consists primarily of such primitive elements. But just as at the 
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primary seat of occurrence many of the cells progress in differen- 
tiation and some reach the final stage of ganglion cells, so in the 
metastases some or many of the cells may advance to complete dif- 
ferentiation and seme or many ganghon cells be found in them. 
It may even be possible for all of the cells to complete the differ- 
entiation to ganglion cells incapable of multiplication so that an 
originally malignant tumor may become benign. Such a case was 
studied by Cushing and Wolbach.^® 

The tumors are further divided into ganglioneuroma inimaturuni 
and ganglioneuroma imperfectum. These names explain themselves. 

It is interesting that the ganglion cells sometimes seem to retain 
the power of multiplication until complete specialization is attained, 
hlany of the cells, whose appearance suggests maturity, may be 
found in mitosis, or to have two or many nuclei. 

Ganglioneuromas of the central nervous system have their his- 
tological structure increased in complexity through the presence of 
neuroglia elements of all kinds and in aU stages of development. 
These constitute a special group of tumors to which the name gan- 
glioglioneuroma has been applied. 

But most peripheral ganglioneuromas also contain neuroglia-like 
cells, Schwann cells and nerve fibers. 


Age Incidence 

Ganghoneuroma may occur at any age. Von Fischer found one 
in a stillborn, infant. The tumor studied by Clegg and Moore 
was present when the child was bom. It is frequently said to 
be a tumor of childhood, but of 98 cases with age data we find 33 
to have been less than 10, and 64 more than 10 years of age. Five 
of the cases in our bibliography were beyond 60 years of age, viz. 
Guizetti 57 years, Briichanow 65 years, Bianchi 68 years, 
Uyeyama 69 years, Friedrich 73 years, and Weichselbaum 
79 years. 


Sex Incidence 

It is also said to occur more frequently in female than male 
patients, and for this there seems to be some reason, as in 99 cases 
with sex data 56 occurred in females and 43 in males. 
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AnatojMical Distribution 


The left side of the body was affected in 22 and the right side in 
16 cases. Many of the tumors, especially the mediastinal and retro- 
peritoneal, are without information as to the side of the body in 
which the tumor ori^ated. 

The anatomical distribution is so general that ganglioneuromas 
may be encountered almost an3n[vhere. The cases referred to in our 
bibliography were distributed as follows; 


I. ABDOMINAL 

(1) Intestinal 

Poate and Inglis 

(2) Mesenteric 

Bland-Sutton ^ 
Goodhart ^ 

Jones 

MacNaughton-Jones ^ 
Paterson 

(3) Pancreatic 

Bianchi^® 

(4) Pelvic 

Beneke“ 

Chiari 

Newmann 

Picki°5 

Schorr 

StoeckeP®® 

(s) Renal 

Bigler and Ho3me^° 

(6) Retroperitoneal 
Babcock ® 

Berner” 

Busse^® 

CappeU ^ 

Chiari 

Cripps and Williamson ^ 

Fabris 

Falk« 

Fischera ^ 

Glockner 

Heinrici 

Hortolomei, e( al ^ 
Jergesen®° 

Kopriwa” 

Krecke” 

McFarland 


MiUer 

Oelsner 

Ohse 

Rapp 

Rosenbach 

Sato”® 

Schleifstein 

Soyka 

Strada 

Wegelin 

(7) Sacral 

Chiari 

Giinsburg 

(8) Suprarenal 

Bigler and Hoyne®° 

Bruchanow 

Buzni®“ 

Dalton 

Dunn” 

Gamna 

Geller 

Hook®® 

Jaffe«® 

Obemdorfer ®® 

Peters^®* 

Ribbert 

Schmidt 

Wahl«7 

Wassmund 

Weichselbaum 

(9) Exact Site Not Known 

Arpino® 

Bartlett ” 

Behan ” 

Beneke (coeh'ac) 

Roman and Arnold 
Smirnoff 
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II. CEPHALIC 

(1) Cerebral and Cerebel- 

lar 

Achucarro ^ 

Arpino ^ 

Berblinger^* 

Bielschowsky 

Cushing and Wolbach 

Dejong’2 

Dumas 

Katzenstein’'' 

Lhermitte and Duclos 
Marinesco - 
Olivecrona 

Pick and Bielschowskj' 
Robertson 
Schmincke 
Uyeyama^^^ 

(2) Cranial Nerves and 

Ganglia 

(a) Trigeminal 

Benda 

Cooper®® 

Fabris 

(b) Gasserian 

Giinsburg ®® 

Hackel ®'’ 

Haenel®! 

Marchand 

Risel-Zwickau 

(c) Ocular 

Krauss’® 

Peris 

m. CERVICAL 
Benda®® 

DeQuervain ®®® 

Freund 
Friedrich 
Geymiiller 
Glinski 
Harbitz ®® 


Haven and Wed 
Loretz ®® 

MacAuley ®® 

Martius®® 

Riggs and Good 
Sliirai®®® 

Sommerfelt 
Stout ®®® 

Von Fischer 
Woods 

IV. FACIAL 

Clegg and Moore ®® 
Dunn ^ 

Key ® 

V. PERIPHERAL 

(1) Flank 

Wilmoth, Bertrand and 
Patel 

(2) Knee 

Hagenbach 

(3) Skin 

Kredel and Beneke ®® 
Montgomery and 
O’Leary 

VI. MEDIASTINAL 
Babcock ® 

Bergonzi®® 

Bigler and Hoyne 

Brunner 

Ranzi®o® 

Rosenson ®®® 

Riggs and Good ®®® 

Scott and Palmer®®® 

Von Rindfleisch ®®® 

VH. THORACIC 
Borst 
Guizetti ®® 

VIII. VASCULAR 

Anschiitz ® 

Jacobsthal ®® 


From this summary of 127 cases it will be found that seventeen of 
the reported tumors were, like ours, situated in the neck. The case 
reports, accompanied by the necessary data, show eleven of the 
patients to have been children and four adults. The cervical tumor 
of earliest occurrence was in von Fischer’s case of a stillborn in- 
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fant; that of latest occurrence, Friedrich's case in a woman aged 
73 years. The average age of the affected children was 5 years, of 
the adults 40 years. Five of the tumors were said to have been on 
the left side, five on the right. 

Our case, therefore, adds one more to the seventeen reported 
cervical ganglioneuromas, one more to the eleven tumors reported 
as occurring in children and one more to those occurring in the 
right side of the neck. 

Single and Multiple Tumors 

Ganglioneuromas usually occur singly, but may be multiple, and 
when so the tumors may be either in close relationship with one 
another, widely separated or generally distributed. In the case 
reported by Ejiobelauch there was one tumor in the facial- 
auditory region at the anterior end of the body, and another in the 
sacral region at the posterior end. Other multiple tumors have been 
reported by Haven and Weil,*^ Henrici,®“ Kredel and Beneke,®“ 
Knauss,^^ Montgomery and O’Leary,®^ Roman and Amold,^^^ 
Risel-Zwickau,“‘‘ and Soyka.^^^ When there are many widely dis- 
tributed tumors the condition is frequently spoken of as ganglioneu- 
romatosis, and the distributed lesions may be systematic or sym- 
metrical. 

Systematic multiple ganglioneuromas to the number of eleven, 
all in connection with the cranial nerves were observed by Risel- 
Zwickau.^^'^ 

Symmetrical multiple cases have been reported by Giinsberg,®® 
Clegg and Moore,®® and by Kredel and Beneke,®“ whose patient had 
about 160 separate tumors, and Montgomery and O'Leary,®^ in 
whose case the skin of the patient was studded with cutaneous 
ganglioneuromas on the trunk and extremities, while the vermiform 
appendix removed at operation showed increase of ganglion cells. 
The patient studied by Knauss^® had about sixty subcutaneous 
ganglioneuromatous nodules scattered over the trunk and thigh, 
Lhermitte and Duclos observed a case with multiple larger tumors 
whose occurrence, preceded by pigmentation of the skin, seemed 
more like von Recklinghausen’s disease than ganglioncuromatosis 
and raises interesting questions as to the relation betv/een neuro- 
fibromatosis and ganglioncuromatosis, a matter beyond the scope 
of this paper. 
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Ganglioneuromas also sometimes occur in association with tumors 
of other kinds. Thus Hackel observed one associated with men- 
ingioma, and Bianclii one intimately associated with carcinoma 
of the pancreas. 


Gross Appearances 

The physical qualities and gross appearances of ganglioneuromas 
are not sufficiently characteristic to enable the diagnosis to be made 
without the aid of the microscope. They are of all sizes up to that of 
a human head. They are usually rounded, nodular, more or less 
definitely encapsulated, sometimes firmer, sometimes softer. Cystic 
ganglioneuromas have been reported by Kopfiwa ” and Poate and 
Inglis.^°‘ 

The primitive types are softer and more uniform because of the 
greater proportion of cells, the mature forms more fibrillar because 
of fiber formation by both nerve cells and Schwann cells, and the 
associated formation of reticulum and collagen bundles. The cut 
surface usually presents a distinct fasciculation. There may also 
be porosity which results from the degeneration of whole groups 
of the ganghon cells, sometimes before, sometimes after their 
maturation. 


Prognosis 

The prognosis can be made only tlurough microscopic examina- 
tion, and even with its aid it is difficult to foretell what will happen. 
Judgment must be based upon the developmental stages attained 
by the majority of the cells found. The more primitive and embry- 
onal the cells, the more malignant the tumor; the more differen- 
tiated they are, the more benign. Unfortunately, as has aheady 
been pointed out, the same tumor may show both primitive and 
perfected types of structure, as in Case 2 of Eeneke,^^ the cases 
of Dunn^^ and Martius.®^ Such cases must be looked upon with 
suspicion. 

Mahgnancy, or what has been described as malignancy, is usually 
shown by metastasis. Cases with metastases have been reported 
by Beneke,^^ Berner,^^ Bianchi,^® Brossok,®^ Busse,^® Chiari,®^ Jacobs- 
thal,®® Miller,®^ Pick,^®" and Wahl.^®^ The case reported by Key ® 
is included by some critics, excluded by others. 
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In tiie case reported by Beneke the tumor was made up chiefly 
of embryonal cells and the metastases, also composed of very small 
cells, were in the lymph nodes and vena cava. Metastases to the 
liver were foimd by Jacobsthal and Wahl to the kidneys by 
Wahl ^ and Pick,^°’ who also observed one on the surface of the 
diaphragm. There seem to be no cases of metastases to the lungs. 

As the tumors seem frequently to be of multicentric origin and 
systematic distribution, a certain amount of caution must be exerted 
in judging whether multiple tumors result from metastasis. For 
example, the multiple tumors of the skin reported by Montgomery 
and O’Leary can no more be thought of as metastatic than those 
of von Recklinghausen’s disease. 

Treatment 

The literature seems to make no mention of recurrent ganglioneu- 
romas. Most of the patients whose tumors were accessible and 
surgically removed seem to have been cured. Failures resulted 
when unexpected complications arose. There is no evidence that 
treatment by X-ray or radium is of value. 

Summary and Conclusions 

The tumor described is a well characterized ganglioneuroma. In 
it, however, nerve cells of aU stages of development from neuroblasts 
to ganglion cells occur, and among them is a stroma made up of 
Schwann cells and nerve fibers. 

It occurred in the neck of a little girl, and seems to be the twelfth 
case of its kind to be placed on record. 

Three years after operative removal the patient is living, with 
no return of the tumor and no metastases. 
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DESCRIPTION OF PLATE 
Plate 62 

Fig. I. Low power view of the general structure of the tumor with the neuro- 
fibromatous background and scattered, small collections of nerve ceUs. 

Fig. 2. A field showing a ganglion of normal appearance with adjacent nerve 
and Schwann fibers and cells at one side, with an overgro^vn, degenerating 
and calcif}dng mass of cells opposite. 

Fig. 3. Nerve cells in various stages of development up to that of ganglion 
cells. 
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PRIMARY CARCINOMA OF THE LUNG* 


A PATHOLOGICAL STUDY 
Kenneth B. Olson, M.D. 

{From the Mallory Institute of Pathology^ Boston City Hospital, Boston, Mass.) 

Introduction 

Primary carcinoma of the lung is exciting an ever increasing in- 
terest, both because of its alleged rising incidence and because of the 
improvement in surgical technique allowing the cure of this disease 
in its early stages. The purpose of this paper is to classify the path- 
ological anatomy of 69 autopsied cases of lung carcinoma occurring 
at the Boston City Hospital from Jan. 1, 1900 to August i, 1934- 
A classification based on the microscopic morphology has been 
utilized in an attempt to determine the malignant potentialities, 

' inddence by age and sex, and peculiar characteristics of different 
types of these tumors. It is to be hoped that a more accurate diag- 
nosis and prognosis may be made from histological study of biopsied 
or expectorated tissue from these carcinomas in the future. 

In 1912 Adler ^ published an analysis of 374 cases which had been 
reported in the literature up to that time. Of recent years, and 
especially since 1920, the literature abounds with references and 
historical reviews. For an adequate discussion of the historical, 
anatomical, pathological and clinical aspects of this subject, the 
reader is referred to the works of Adler,^ Pilcher and Brindley,^ 
Barron,^ Vinson,^ Weller,®' Brunn,® Brockbank ^ and, more recently. 
Fried,® Gillespie® and Hill.^“ 

Classification 

Little or no uniformity exists in the classification of primary lung 
carcinoma. Thus, older authors divided their cases into tumors 
arising from (a) the epithelium lining the bronchi, (h) the epithelial 
cells forming the mucous glands, and (c) the epithehum said to line 
the pulmonary alveoli (the air sacs). More recent investigators dep- 
recate a histogenetic classification and utihze a histological stand- 

* Received for publication September 27, 1934. 
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ard. Adler, in 1912, expressed the view that most lung carcinomas 
were bronchiogenic in origin, and more recently Fried has thoroughly 
reviewed the subject and concluded that all primary lung carcinomas 
originate from the lining mucous membrane of the bronchi. Cer- 
tainly if non-bronchiogenic carcinomas exist they are of rare occur- 
rence. A classification based on the gross pathology seems to lend 
little clarification to the subject.^^ 

For the present study the histological classification used by Wel- 
ler,® Rogers, and in part by Fried,® and other recent writers, has 
been utilized. The pleomorphism so frequently mentioned in rela- 
tion to these tumors was occasionally found but presented no serious 
barrier to classification. The 69 carcinomas of this series have been 
divided into three large groups, namely, (a) squamous cell carcino- 
mas, (b) adenocarcinomas, and (c) undifferentiated carcinomas. 
These will be discussed more fully below. 

Squamous Cell Carcinomas: These tumors consist of the typical 
large cells with large clear nuclei and prominent single nucleoli, 
arranged in a manner suggesting the squamous epithelium seen in 
patches in the fining of the bronchi. Forty-two per cent (29 cases) 
were of this type and constituted the largest single group. Twenty- 
eight per cent of these tumors showed the formation of epithefial 
“pearls.” Metastases were usually of the “squamous” type and 
rarely showed comification or “pearl” formation. In 55 per cent 
the primary tumor was located in the left lung and in 44 per cent in 
the right lung. Forty-four per cent were in the upper lobes, 38 per 
cent in the lower lobes and 18 per cent at the hilum. The lobes were 
involved with the following frequency: left upper 20 per cent, left 
lower 24 per cent, right upper 24 per cent, and right lower 14 per 
cent. Thirty-one per cent of the total number presented as a mass 
at the hilum and 61 per cent either involved or occluded a primary 
or secondary bronchus. 

Grossly the primary tumors were single, indurated, gray or white 
solid masses in 75 per cent of cases. Cavitation occurred in 17 per 
cent. Multiple masses in one lung were found in 8 per cent. Areas 
of tumor necrosis were relatively infrequent. 

Adenocarcinomas: These tumors are very difficult to classify- 
Among them are tumors which undoubtedly in the past have been 
classified as “alveolar cell” carcinomas because their histological 
structure resembles that of fetal lungs. They comprise 24 per cent 
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(17 cases) of the entire series. Composed for the most part of cuboi- 
dal or cylindrical cells arranged in acinar formation, their chief dis- 
tinguishing feature appears to be the secretion of mucus and their 
resemblance to bronchial mucous glands. Fifty-three per cent 
showed definite secretory function and 47 per cent were functionless. 
These will be referred to henceforth as mucinous and non-mucinous 
adenocarcinomas. 

The non-mucinous type occurred in 8 cases, 4 of which showed a 
papillary adenomatous arrangement, and in three of these latter 
tumors ciliated columnar cells were found resembling very closely 
the columnar cells litiing the bronchial tree. The possibility of 
these cells being remnants of normal bronchi was considered, but 
the presence of ciliated cells in the metastases of two of these tumors 
and the similarity of the cells to adjacent, non-ciliated tumor cells 
tend to ehminate this possibility. The four remaining adenocarcino- 
mas showed no distinguishing histological feature, except a slight 
tendency to assume a ‘'squamous-like” structure where the alveoli 
were compressed. However, they were not true acanthomas. The 
resemblance of these tumors to fetal lungs is suggested but not 
striking, and in view of the cilia found in tumors not unlike these it 
is believed that they are less well differentiated bronchiogenic 
carcinomas. 

The primary tumors in the non-mucinous adenocarcinomas oc- 
curred equally in the right and left lungs. Thirty-seven per cent oc- 
curred in the upper lobes, 37 per cent at the hilum, only 12 per cent 
were in the left lower lobe and none were in the right lower lobe. 
Twenty-five per cent were in the right upper lobe and 12 per cent 
in the left upper lobe. In 12 per cent, diffuse multiple masses in- 
volved the whole of the right lung. Primary bronchi were involved 
or occluded in 37 per cent of cases and were negative or not described 
in the postmortem descriptions of 63 per cent. 

The mucinous t3q)e of adenocarcinoma has been described at 
length in the past and has been called variously carcinoma myxoma- 
todes (Willerri®), colloid carcinoma and gelatinous carcinoma. Their 
striking resemblance to bronchial mucous glands and the presence of 
a mucoid secretion within the alveoli serves to mark them as a char- 
acteristic limg carcinoma. They are composed of cuboidal and 
cylindrical cells and careful search will nearly always reveal scat- 
tered cells in secretory phases. Their structure is most frequently 
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that of a malignant adenoma, although true adenocarcinomas are 
not rare. Their metastases in the majority of instances show muci- 
nous secretion. However, non-secreting metastases occur. 

Mucinous adenocarcinomas occurred in 9 cases and in 44 per cent 
the primary tumors were located in the left lung and in 55 per cent, 
in the right lung. Fifty-five per cent occurred in the upper lobes, 
distributed as follows: left upper lobe 33 per cent, right upper lobe 
22 per cent. Eleven per cent each occurred in the left lower, right 
middle and right lower lobes. In ii per cent the tumor encircled 
the lower end of the trachea and right bronchus. In 55 per cent a 
large bronchus was involved or occluded, while in 45 per cent the 
bronchi were negative or not described. 

In gross the adenocarcinomas appeared most frequently as gray, 
firm, scirrhous tumors with scattered areas of softer, yellowish 
tissue frequently showing grossly visible mucus. Necrosis was 
uncommon but when present occurred in the papillomatous car- 
cinomas. In 94 per cent the primary tumors were a single mass 
occup3dng a lobe, the hilum or both. 

Uudijferenliaied Carcinomas: This type is composed of the 
"small cell” tumors which in the past have frequently been called 
sarcomas. Barnard,^'* Maxwell, and more recently Karsner and 
Saphir,^® have shown that these tumors are in reality carcinomas. 
Karsner and Saphir conclude that they are carcinomas because of 
their cellular arrangement, absence of reticulum, vascularization, 
connective tissue relations, gross characteristics resembling obvious 
carcinomas and distribution of metastases. Barnard describes the 
microscopic picture as follows. "The cells are in the main oval and 
when cut transversely, round and have little cytoplasm. The nuclei 
are oval and the majority have a distinct chromatin net with chro- 
matin nodes, but in others the whole nucleus is so deeply stained 
that the nuclear structure is obscured.” These tumors have been 
called "oat cell,” "oat seed cell,” small cell, spindle cell and round 
cell tumors in the literature. 

Thirty-three per cent of the carcinomas in this series were of this 
imdifferentiated, small cell type. Fifty-six per cent occurred in the 
left lung and 43 per cent in the right. Only 43 per cent of these 
primary tmnors could be localized by lobes and they were distributed 
as follows: left lower and left upper lobes 13 per cent each, right 
upper lobe 9 per cent, and right middle and lower lobes 4 per cent 
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each. In 9 per cent the entire left lung was infiltrated and in 4 per 
cent the entire right lung. In 22 per cent the primary tumor was at 
the liilum of the right lung and in 24 per cent at the hilum of the 
left limg. The primary tumor exhibited a mass at the liilum in 65 
per cent of the cases. A secondary or primary bronchus was in- 
volved or occluded in 100 per cent. Complete occlusion occurred in 
30 per cent. The primary bronchi were involved in over twice as 
many cases as in either of the other two types. 

In gross these tumors varied from a soft, pink, sarcoma-hke mass 
to hemorrhagic, necrotic and sometimes caseous masses. Hemor- 
rhage and necrosis were prominent and infiltration of the tumors 
extended along the bronchial tree. 

Summary of Classification 

A brief description of the histological classification has been 
given. 

Fifty-three and six-tenths per cent of all tumors occurred in the 
left lung and 46.4 per cent in the right lung. The primary tumors 
were distributed by lobes as follows: left upper lobe 18.8 per cent, 
left lower lobe 17.3 per cent, right upper lobe 18.8 per cent, right 
middle lobe 2.9 per cent, and right lower lobe 8.6 per cent. In 35.1 
per cent the primary tumors were located at the hilum and in 4,3 per 
cent the entire lung was infiltrated from the hilum. The upper lobes 
and the hilum were the seat of the primary tumor in about an equal 
number of cases and together constituted the primary location in 
72.7 per cent. The infrequency with which the right lower and 
middle lobes were involved is striking. 

Either primary or secondary bronchi were involved or occluded 
in 68 per cent. In the remaining 32 per cent the bronchi were either 
negative or not described in relation to the primary tumor mass. 

In gross the adenocarcinomas were indistinguishable from the 
squamous cell tumors unless mucoid secretion was visible. These 
tumors were usually single, indurated, gray or white masses, situated 
within the parench3ana of the lung, and involved the larger bronchi 
in less than one-half of the cases and the hilum in less than one-third. 
The undifferentiated tumors were soft, hemorrhagic, showed exten- 
sive areas of necrosis and, in the great majority of cases, infiltrated 
along the bronchial tree from a primary site at the hilum. 
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Incidence 

General Incidence: Discussions of the increase in lung carcinoma 
are so voluminous and numerous that the subject cannot be done 
fuU justice here. That more lung carcinomas are being observed, 
both at autopsy and chnically, is undisputed. However, whether 
this is an absolute or a relative increase is undecided. Rosahn 
summarized most of the available autopsy statistics in 1930 and 
found that lung carcinomas increased 102 per cent in the period from 
1920-1928, as compared to the period from 1910-1919, while dur- 
ing these same periods carcinoma in general increased only 30 per 
cent. He cites this as proof of an absolute increase. Derischanoff 
found both a relative and an absolute increase and Dissmann 
believed there was an absolute increase in about the same periods. 
Sitsen foimd no increase at Innsbruck. Lipschitz in an analy- 
sis of postmortem statistics found an increase in lung carcinoma at 
Dresden and Zwickau and practically no increase at Copenhagen 
and Turin, and pointed out that these last two cities are much greater 
industrial centers than the first two. He believed the incidence of 
limg carcinoma to be closely related to the residence, vocation and 
environment of the population. These are only a few of the conflict- 
ing reports, and in conclusion it may be said that only when exten- 
sive international autopsy statistics, including both urban and rural 
populations, are available will the question be settled. 

The incidence by 5 year periods is given in Table I. Rosahn as- 
sembled these statistics at the Boston City Hospital from 1910- 
1928. Two lung carcinomas occurring between the years 1920 and 
1924 have been added and Table I includes the entire period from 
1900 to August I, 1934. 

Rosahn found that in the period 1925-1928 the percentage rela- 
tion of all cases of carcinoma to total autopsies increased 20 per 
cent, while the percentage relation of primary lung carcinomas to 
all carcinomas rose 49 per cent, and concluded that this indicated an 
absolute increase in incidence. The figures previous to 1924 include 
so few primary lung carcinomas that they are worthy of considera- 
tion only in the aggregate. During this 25 year period the per cent of 
carcinomas occurring at autopsy rose from 6.12 per cent to 10.34 
per cent (an increase of 68 per cent) and averaged 7.75 per cent. 
During this same period lung carcinoma increased in the per cent of 
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all autopsies but remained fairly constant at an average of 5.71 per 
cent of all carcinomas. Using these average figures for a basis, in the 
next 5 years the per cent of carcinoma rose from 7.75 per cent to 
11.87 per cent (an increase of 53 per cent) while the per cent of lung 
carcinoma to all carcinomas increased from 5.71 per cent to 7.68 
per cent (an increase of 34 per cent) or an actual decrease in inci- 
dence among all cases of carcinoma autopsied. In the subsequent 
period up to August 1, 1934, the number of cases of carcinoma 
autopsied decreased slightly from 11.87 11.12 per cent 

(a decrease of 7 per cent) and the per cent of carcinoma of the lung 

Table I 


hicideyice of Primary Carcinoma of the Lung at the Boston City Hospital 


Year 

No. of 
adult 
autopsies 

Carcinomas 

Primary lung carcinomas 

Total 

Autopsies 

Total 

Autopsies 

All 

carcinomas 




per cent 


per cent 

per cent 

igoo-04 

931 

57 

6. 12 

2 

0. 21 

3-50 

1905-09 .... 

865 

52 

6. ox 

4 

0.46 

7.69 

1910-14 .... 

438 

34 

7.76 

2 

0-45 

5-88 

1915-19 .... 

526 

45 

8.SS 

2 

0.38 

4.44 

1920-24 

957 

99 

10.34 

7 

0.73 

7.07 

1925-29 

1,532 

182 

11.87 

14 

0.91 

7.68 

1930-34* ... 

2,624 

293 

11.16 

38 

1.44 

12.96 

Total .... 

7,873 

762 

9.67 

69 

0.87 

9-05 


• To August 1, 1934 


in relation to all carcinomas increased from 7.68 per cent to 12.96 
per cent (an increase of 68 per cent). Thus, using comparable peri- 
ods, there is an absolute increase only in the period from 1930 to 
August 1, 1934. When traced through single years, this rise has been 
fairly gradual while the per cent of autopsies revealing carcinoma 
has remained practically constant. The percentage relation of all 
cases of lung carcinoma to all carcinomas from 1929 to August i, 
1934 is as follows: 1929, 7.5 per cent; 1930, 10.5 per cent; 1931, 
12.7 per cent; 1932, 14.2 per cent; 1933, 10.8 per cent; 1934, 19.1 
per cent. 

An explanation of this abrupt increase is dif&cult. However, the 
tremendous expansion of this hospital in recent years and the in- 
creased interest in pulmonary surgery has possibly allowed many 
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patients to remain in the hospital until autopsied, whereas formerly 
they were sent to institutions or homes for the care of incurables. 
No single carcinogenic factor was found at autopsy to explain this 
rise. 

Incidence by Sex: Of the 69 cases examined, 79.7 per cent oc- 
curred in males and 20.3 per cent occurred in females, or in the 
ratio of i female to 4.5 males. This is in agreement with most of 
the statistics consulted. However, of the ten lung carcinomas oc- 
curring previous to 1920, five were in males and five in females, or 
in the ratio of 1:1. From 1920 to August i,'i934, nine carcinomas 

Table II 


Distribution by Age of Primary Carcinoma of the Lung 


Age incidence 

Squamous cell 
carcinoma 

Adenocarei noma 

Undifferentiated 

carcinoma 

All tumors 

years 

per cent 

per cent 

per cent 

per cent 

20-29 

0 

12 

0 

2.9 

30-39 

10 

6 

9 

8.7 

40-49 

13 

23 

17 

17-3 

50-59 

34 

23 

48 1 

36.2 

60-69 

20 

1 23 

1 17 

20 . S 

70-79 

20 

‘ 6 

4 

II.5 

80-89 

0 

6 

4 

2-9 


yrs. 

yrs. 

yrs. 

yrs. 

Youngest 

36 

29 

31 

29 

Oldest 

79 

89 

80 

8 g 

Average 

57 

53-1 

53.8 

53-7 


occiurred in females and fifty in males, or in the ratio of i : 5.5. Euro- 
pean investigators have noted this increasing predominance of lung 
carcinoma in the male and have attempted to explain it on the 
greater exposure of males to war gasses, and industrial smoke and 
dust hazards, which probably exerted their irritating influences 
previous to 1920. It will be interesting to note if the influx of women 
into industry since the war will result in an increased incidence of 
lung carcinoma in the female. 

Incidence by Age: Brunn ® found that 62 per cent of 576 cases of 
lung carcinoma occurred in patients between 40 and 60 years of age. 
Weller ^ found the most frequent age was in the 6th and 7th decades, 
although rarer cases occurred at the extremes of life. Adler ^ noted 
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that the 6th decade was the most common period in which patients 
died of lung carcinoma. In general, the age incidence of carcinoma 
of the lung coincides with that of all carcinoma. 

In Table II the age incidence is given by decades. Thirty-six 
and two-tenths per cent of all lung carcinomas occurred in the 6th 
decade and 73.8 per cent occurred in the 5th, 6th and 7th decades. 
Squamous cell and imdifferentiated carcinomas occurred in these 
same periods. However, adenocarcinomas tended to be slightly 
more diffusely distributed. • 

Both the oldest and youngest cases occurred in the adenocarci- 
nomatous group. Ewing mentions an adenocarcinoma occurring 
in a girl aged 18. Pekelis^ observed 5 cases occurring between the 
ages of 37-38 and 4 of these were of the adenocarcinomatous t3q)e. 
It would seem that lung carcinoma occurring in the younger age 
groups is more likely to be of the adenocarcinomatous variety. 


Metastasis 

Weller ® states that carcinoma of the lung rarely fails to produce 
metastases. According to Klotz,^^ Adler, ^ Rogers and Brunn,® 
metastases occur most commonly in the re^onal nodes and involve 
the liver, skeleton, brain, kidneys, adrenals and pancreas in ap- 
proximately the order named. Metastases have been recorded in 
practically every portion of the body. No authors have tabulated 
metastases of a large series of cases according to the histological 
structure of the tumors. Also, direct extensions are mentioned so 
casually that it is doubtful if these have been carefully separated 
from metastases. 

In the present series the body was examined in 67 cases and per- 
centages of somatic metastases have been calculated on this basis 
in Table HE. In 22 cases the head was examined and the intracranial 
metastases are discussed in a separate table. The tumors have been 
divided into the three groups mentioned previously and further 
subdivision is made where it is significant. 

Squamous Cell Carcinomas: Twenty-seven cases in this group 
were examined and of this number ii per cent failed to metastasize 
and 18 per cent produced secondary tumors only in the regional 
nodes. 
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A separate tabulation of primary tumors with and without corni- 
fication was made. Metastases occurred in twenty-one locations 
from tumors showing comification and in twenty-four locations 
from those without comification. Correlation by per cent of organs 
involved revealed no significant differences between these groups 
and it is suggested that these types have approximately the same 
metastatic potentialities. The presence of epithelial ‘‘pearls” and 
comification possibly signifies a longer duration of the primary 
tumor. 

Considering the entire group, metastases were most frequently 
foimd in the regional nodes. The liver, adrenals, kidneys, pleura, 
mesenteric nodes, heart and opposite lung were involved in that 
order of frequency. Rarer metastases occurred as tabulated in 
Table III. 

Adenocarcinomas: Seventeen cases in this group were examined 
for metastases. Twelve per cent showed no metastases, 6 per cent 
metastasized only to the regional nodes and 88 per cent metastasized 
to twenty-two locations. 

A tabulation of these tumors based on the presence of mucus re- 
vealed that aU mucinous carcinomas showed metastases and in no 
instance were they confined to the regional nodes, while of the non- 
mucinous carcinomas only 75 per cent metastasized and in 12 per 
cent only the regional nodes were involved. The liver was involved 
in 44 per cent of the mucinous type and in only 12 per cent of the 
non-mucinous. The vertebrae were involved with the same relative 
frequency. It is concluded that non-mucinous carcinomas are less 
prone to metastasize than those with mucous secretion. 

The adenocarcinomas exhibited a slightly less vigorous tendency 
to metastasize than the squamous cell tumors. Metastases occurred 
most frequently in the regional nodes, vertebrae, adrenals and mes- 
enteric nodes in that order. Rarer metastases have been tabulated. 
The frequency with which bone is involved will be discussed under 
skeletal metastases. 

Undijferentialed Carcinomas: Twenty-three cases in this group 
were examined and 96 per cent of these tumors showed metastases 
to thirty-five locations and 4 per cent showed involvement of the 
regional nodes alone. 

These tumors exhibited the most vigorous metastatic powers of 
any group and spread widely outside of the thorax. Metastases 



PRIMARY CARCINOMA OF THE LUNG 


459 


Table III 


Dlslribution of Metaslases in Primary Carcinoma of the Lung 


Location 

Squamous 

cell 

carcinoma 

Adeno- 

carciaoma 

Undifferen- 

tiated 

carcinoma 

All tumors 


per ccnl 

per cent 

per cent 

per cent 

Peribronchial nodes 

59 

52 

6g 

6 i. I 

Liver 

33 

29 

43 

35-8 

Tracheal nodes 

i 8 

23 

24 

25-3 

Adrenals ! 

33 

17 

21 

25-3 

Vertebrae 

7 

29 

28 

20 . 8 

Kidneys 

30 

6 

i 6 

IQ. 6 

Retroperitoneal nodes 

7 

6 

39 

17.9 

Mesenteric nodes 

22 

17 

21 

17.9 

Cervical nodes 

II 

12 

i 6 

13-4 

Opposite lung 

14 

12 

4 

10.4 

Mediastinal nodes 

o 

O 

i 6 

10.4 

Stomach 

II 

6 

8 

9.1 

Heart 

i 8 

o 

4 

9.1 

Pancreas 

o 

6 

21 

9.1 

Iliac nodes 

II 

o 

8 

7.4 

Ribs 

II 

12 

o 

7-4 

Left pleura 

14 

o 

o 

5-9 

Right pleura 

11 

6 

o 

5-9 

Axillary nodes 

o 

6 

12 

5-9 

Skin 

4 

6 

8 

S-9 

Ileum 

7 

o 

4 

4-4 

Spleen 

4 

o 

8 

4.4 

Terminal phalanges 

o 

o 

8 

2.9 

Spinal meninges 

o 

o 

8 

2.9 

Uterus 1 

4 

6 

o 

2.9 

Cecum 

o 

o 

8 

2.9 

Esophagus 

o 

6 ■ 

4 

2.9 

Femur 

o 

6 

4 

2.9 

Diaphragm 

7 

o 

o 

2.9 

Clavicle 

o 

6 

o 

1-5 

Peritoneum 

o 

o 

4 

i-S 

Jejunum 

o 

o 

4 

i-S 

Tibia 

o 

o 

4 

i-S 

Ilium 

o 

o 

4 

1-5 

Appendix 

o 

o 

4 

1-5 

Inguinal nodes 

4 

o 

o 

I-S 

Gall-bladder 

o 

o 

4 

I-S 

Psoas muscle 

4 

o 

o 

I-S 

Testes 

4 

o 

o 

1-5 

Ureter 

4 

o 

o 

I-S 

Ovary 

o 

6 

o 

i-S 

Broad ligament 

o 

6 

o 

1-5 

Inferior vena cava 


o 

o 

1,5 

Pericardium 

o 

o 

4 

I-S 

Radius 

. o 

o 

4 

I-S 
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have been tabulated in Table III and it is of special interest to note 
that in 8 per cent there were extradural metastases in the spinal 
canal with compression of the cord. In an additional 8 per cent the 
terminal phalanges were involved. These odd metastases indicate 
the tendencies of this group to grow into blood vessels and produce 
secondary tumors which closely resemble sarcomas when biopsied. 

Skeletal Metastases: Secondary tumors occurred in bone in 28.3 
per cent of cases. Of these tumors involving bone, 31 per cent were 
adenocarcinomas, 42 per cent undifferentiated and 26 per cent 
squamous cell carcinomas. Fifty-five per cent of all mucinous adeno- 

Table IV 


Intracranial Metastases of Primary Carcinoma of the L/iing 



Squamous 

cell 

carcinoma 

Adeno- 

carcinoma 

Undifjcren- 

tiated 

carcinoma 

Total 

Cerebrum 

ptT cent 

22 

per cent 

33 


per cent 

22.7 

Cerebellum 

22 

0 


18.I 

Dura 

II 

0 


4-5 

Pons 

II 

0 


4-5 

Pituitaiy 

II 

0 

BH 

4-5 


carcinomas metastasized to bone and only 12 per cent of the non- 
mucinous type. The relatively high frequency with which adeno- 
carcinomas, and especially the mucinous type, involve bone is 
striking. 

In aU, 19 cases showed metastases with involvement of the verte- 
brae in 56 per cent, ribs in 21 per cent, skull, femur, terminal 
phalanges in 8 per cent each, and ihum, tibia and clavicle in 4 per 
cent each. 

Routine examination of the lumbar spine and ribs was made in 
the majority of instances. However, other portions of the skeleton 
were not examined unless superficial examination aroused suspicion. 
Of necessity, these figures are incomplete. 

Intracranial Metastases: The intracranial contents were examined 
in 22 cases and metastases were found in 36.3 per cent. Metastases 
were found with the followng frequency: 44 per cent of 9 squamous 
cell carcinomas, 33 per cent of 6 adenocarcinomas, and 28 per cent 
of 7 undifferentiated carcinomas. 
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Table IV demonstrates that the cerebrum and cerebellum are the 
most frequent sites of metastases. The frequency with which sec- 
ondary growths from primary lung carcinoma occur in the cranial 
cavity has been stressed repeatedly. Fried ® found that 31 per cent 
of 47 cases metastasized intracranially and in many instances they 
were operated upon for primary intracranial tumors, and he em- 
phasized the importance of eliminating the possibility of metastatic 
tumor of the lungs in all cases of suspected intracranial newgrowths. 

Summary of Metastases 

Somatic metastases occurred in 92 per cent of 67 primary lung 
carcinomas examined and involved forty-five locations. The regional- 
nodes, liver, adrenals, vertebrae, kidneys, retroperitoneal nodes, 
mesenteric nodes and cervical nodes, opposite lung, mediastinal 
nodes and stomach are the sites most frequently involved and the 
frequency is in the order named. Rarer metastases were numerous 
and widespread, as has been enumerated. 

Skeletal metastases occurred in 28.3 per cent. 

Cerebral metastases occurred in 36.3 per cent of 22 cases examined. 

The undifferentiated, small cell t3q)e showed the most vigorous 
tendency to metastasize and the squamous cell, mucinous and non- 
mucinous adenocarcinomas foUow in the order named. 

From a study of metastatic lesions it seems evident that these 
tumors metastasize most frequently by the lymph channels, and 
commonly by the blood stream. No positive proof of metastasis by 
the air passages was found. 

Extensions 

Direct tumor extension involving vital structures is frequently 
mentioned in the literature. The heart and pericardium have been 
mentioned as direct sites of extension. A few instances of direct pro- 
liferation to the superior vena cava or to the regional nerves with 
resulting pain or dysphagia have been noted. For the most part, 
however, it is difficult to separate metastases from extensions in the 
larger series in which anatomical studies have been made. In the 
present series a careful attempt has been made to separate these two 
manifestations of malignancy and they will be discussed below ac- 
cording to the t3rpes of tumors. 
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Squamous Cell Carcinomas: In 27 cases examined 55 per cent of 
primary tumors showed direct regional extension. In 14 per cent 
there were extensions without metastases. Comifying primary 
tumors extended in 50 per cent and non-comif3dng in 57 per cent. 
Structures involved were the mediastinum, pericardium, heart, 
aorta, right pleura, left pleura, esophagus, diaphragm and ribs. 
In I case the superior vena cava was invaded with thrombosis of 
that vessel. In another case the primary tumor directly proliferated 

Table V 


Dislribulion of Extensions in Primary Carcinoma of the Lung 


Location 

Squamous 

ceil 

carcinoma 

Adeno- 

cardnoma 

Undificren- 

tiated 

carcinoma 

All tumors 

Mediastinum 

per cent 

33 

per cent 

17 

per cent 

52 

per cent 

35-8 

Pericardium 

30 

II 

39 

28.3 

Aorta 

18 

6 

23 

17.7 

Left pleura 

II 

0 

34 

16.4 

Heart 

18 

0 

17 

13-4 

Right pleura 

14 

II 

8 

II. 9 

Esophagus 

II 

0 

17 

10.4 

Ribs 

7 

17 

4 

8,9 

Diaphragm 

II 

6 

8 

8.9 

Superior vena cava . 

4 

II 

4 

7-4 

Cervical region 

4 

6 

0 

2.9 

Liver 

4 

0 

0 

i-S 

Adrenal 

4 

0 

0 

1-5 

Opposite lung 

0 

0 

4 

i-S 

Skin 

4 

0 

0 

1-5 

Spinal meninges 

0 

0 

4 

2-S 

Clavicle 

0 

0 

4 

1-5 


through the diaphragm and involved the hver and right adrenal. 
In another case the cervical region and skin were directly invaded. 
Adenocarcinomas: In 17 cases examined 46 per cent extended from 
the primary site. In no instances were extensions present without 
metastases. Fifty-five per cent of the mucinous type extended 
locally and 37 per cent of the non-mucinous. Structures involved 
were the mediastinum, ribs, right pleura, superior vena cava, left 
pleura, diaphragm and cervical re^on. In 2 cases there was throm- 
bosis of the superior vena cava as a result of tumor extension, 
Undijferenimted Carcinomas: Of the 23 cases examined in this 
group 65 per cent involved the mediastinum or thoracic structures. 
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In 4 per cent there was extension without metastases. Extensions 
have been tabulated in Table V. Of special interest is one tumor 
which extended posteriorly between the ribs and compressed the 
spinal cord at the level of the fifth thoracic vertebra. In another 
instance the superior vena was thrombosed as a result of tumor 
extension. 


Summary of Extensions 

Of 67 cases examined 56.7 per cent showed extensions. In 6 per 
cent there were extensions without metastases. Sixty-five per cent 
of undifferentiated carcinomas, 55 per cent of squamous cell tumors 
and 46 per cent of all adenocarcinomas, extended locally. Only 37 
per cent of non-mucinous adenocarcinomas extended locally. The 
percentage with which various structures were involved has been 
tabulated. Thrombosis of the superior vena cava occurred in 
4 cases and in 2 cases the tumors extended to the cervical region 
and in i case the spinal canal was invaded with compression of the 
spinal cord. 

Undifferentiated carcinomas exhibited the most marked tendency 
to extend locally and squamous cell, mucinous and non-mucinous 
carcinoma follow in the order named. 


Associated Pathological Findings 

Evidence of associated pulmonary inflammatory conditions were 
found in 58.8 per cent of cases. Either an active or organizing 
bronchopneumonia was present in 27.8 per cent; bronchiectasis, 
usually with small bronchiectatic abscesses, was found in 17.6 per 
cent. Four and four-tenths per cent showed lobar pneumonia, and 
fibrinous pleuritis and pneumoconiosis were present in 1.5 per cent 
each. 

Complete atelectasis of a lobe or a lung occurred in 20.5 per cent 
and pulmonary infarction in 4.4 per cent. These conditions may be 
interpreted as the result of the mechanical occlusion of a bronchus 
or ramification of the pulmonary artery by direct tumor prolifera- 
tion. 

Chronic inflammatory disease of the lungs has frequently been 
accused of producing a predisposition to pulmonary cancer. It is 
believed that the repeated destruction of the epithelial cells fining 
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the bronchi leads ultimately to metaplasia and the production of 
atypical cells and these are thought to be pre-malignant. How- 
ever, the great frequency with which the primary tumors are located 
at the hilum or in the upper lobes (72.7 per cent), and the frequency 
with which bronchiectasis, pulmonary abscesses and chronic pneu- 
monia involve the lower lobes appears to preclude the presumption 
that these latter processes are sources of chronic irritation and the 
underl3dng cause of lung carcinoma in a significant number of cases. 
In fact, the right lower lobe, considered the most frequent location 
of bronchiectasis and pulmonary abscesses, was the primary site of 
lung carcinoma in only 8.6 per cent of cases and one of the least 
frequently involved lobes. In the majority of instances where bron- 
chiectasis or chronic pneumonia was found, they occurred distal 
to the tumor mass and the natural assumption was that they were 
secondary manifestations of the tumor resulting from blockage of 
lymphatics and bronchi. 

Active tuberculosis was present in only 1.6 per cent and healed 
parenchymal tuberculosis in 5.9 per cent. Thus, the total of 7.4 
per cent is slightly less than that reported by EJkuth (quoted from 
Weller ®) of 8.7 per cent, and is roughly in accord with the known 
incidence of tuberculosis in imselected cases. “Kikuth felt that 
tuberculosis plays a small role, if any, in determining a mah’gnant 
pulmonary condition, occupying in this respect exactly the same 
position as a considerable munber of other chronic inflammatory 
diseases.” 

Schmorl felt that the inhalation of dust and the presence of pneu- 
moconiosis was of significance, especially in the production of lung 
carcinoma in the Schneeberg miners. Certainly, the frequency with 
which these conditions are associated at Schneeberg is more than 
coincidental and eventually a specific etiological factor may explain 
these cases. However, the relative infrequency with which these 
two conditions are associated elsewhere and in other mines lends 
doubt to the theory that the mechanical irritation is an etiolo^cal 
factor and it would seem more likely that the answer rests in some 
specific quality of the Schneeberg ore. In the present series of cases 
pneumoconiosis was found in only 2.9 per cent of instances, or in 2 
cases, and in both of these the fibrosis was only of moderate degree. 
It would appear that pneumoconiosis is of insignificant importance 
in the production of lung carcinoma in general. 
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Associated extrapulmonary pathological findings were distrib- 
uted as follows: pyelonephritis 13.4 per cent, cholecystitis and 
endocarditis 4.4 per cent each, pericarditis, acute pancreatitis and 
alcohohc cirrhosis 2.9 per cent each, mitral stenosis, chronic glom- 
erular nephritis, peptic ulcer, diverticulitis, peritonitis and esopha- 
geal obstruction in 1.5 per cent each. These findings are not 
inconsistent with postmortem findings in unselected cases of an 
older age group predominantly male. 

Pleural Cavities 

Pleural efiusion may result either from the inflammatory processes 
commonly associated with primary lung carcinoma or as a result of 
tumor implants on the pleural surfaces. The pleural cavities were 
involved by tumor in 39.3 per cent of cases, either by extension or 
metastasis. In 11 per cent there was fluid in both pleural cavities 
and in 32 per cent fluid was present only on the same side as the 
primary lung carcinoma. In 6 per cent fluid was present on the 
opposite side and in 50 per cent no fluid was present. Most fre- 
quently the fluid was described as serosanguineous; however, in 
many instances it was clear, colorless or yellow fluid. In 2.9 per 
cent of cases it was seropurulent and a definite fibrinous pleuritis 
was present, and in 1.5 per cent frank empyema existed as a result 
of a bronchial fistula. These latter conditions were found on the 
same side as the primary tumor. 

Fibrous adhesions, evidence of healed pleuritis, occurred on both 
sides in 38 per cent; on the same side as the primary tumor only, 
in 54 per cent; and on the opposite side only, in 1.5 per cent. The 
pleural cavities were negative in 10 per cent of cases. 

Adenocarcinomas showed a slightly greater tendency to involve 
the pleura with the accumulation of fluid and the production of 
adhesions than either of the other two types described. 

Summary and Conclusions 

I. Sixty-nine cases of primary carcinoma of the lung, verified at 
autopsy, have been presented and divided into three groups, namely : 
(<j) squamous cell carcinoma, (&) adenocarcinoma, (c) undifferenti- 
ated carcinoma. 
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2. Squamous ceE carcinomas constituted the largest single group 
and 42 per cent of the entire series. The left lung and upper lobes 
were the most common site of the primary tumor, and 61 per cent 
involved a bronchus. Cavitation in the primary tmnor occurred in 
17 per cent. Metastases and extensions were not so widespread as 
in the xmdifferentiated group, but were more extensive than in the 
adeno carcinoma. 

3 . Adenocarcinomas constituted 24 per cent of the series and were 
composed of 53 per cent mucinous carcinoma and 47 per cent non- 
mucinous carcinoma. These tumors probably all originated from 
the epithelium lining the bronchi or from the peribronchial mucous 
glands. The mucinous type frequently metastasized and occasion- 
ally extended, but appeared less malignant than the non-mucinous 
group. They involved bone more frequently than any other type. 

Non-mucinous carcinomas were the least mahgnant and were 
occasionally confined to a lobe or a limg. They frequently involved 
the pleura, 

4. Undifferentiated carcinomas constituted 33 per cent of this 
series. Primary tumors occurred slightly more frequently in the left 
lung, always involved a bronchus and occasionally infiltrated an 
entire lung. This group showed the most vigorous tendency to 
metastasize widely and to extend locally. 

5. All limg carcinomas in this series occurred most frequently in 
the left lung, in the upper lobes and at the hilum. Primary tumors 
were a single mass in 95.7 per cent of the cases and usually involved 
or occluded a bronchus. These carcinomas metastasized widely and 
primary tumors were very prone to extend regionally. Skeletal and 
intracranial metastases were common. 

6. An absolute increase in the general incidence of lung carcinoma 
occurred at the Boston City Hospital in the period 1930 to August i, 
1934, and is possibly explainable as a selective phenomenon, 

7. Males were affected predominantly and in the ratio of i female 
to 4.5 males. The incidence in males has increased in the past 15 
years. 

8. The majority of cases occurred in the 6th and 7th decades. 
Adenocarcinomas tended to occur more frequently at the extremes 
of life, 

9. Associated pulmonary inflammatory conditions occurred m 
58.8 per cent of the cases. 
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10. The incidence of pulmonary tuberculosis and pneumoconiosis 
in tliis series was consistent with the incidence in unselected cases. 

Note: I wish to express my appreciation to Dr. F. Parker, Jr,, 
for helpful criticism and aid in preparing this paper, and to Dr. J, 
H. Peers for aid in the classification of this series of tumors. 
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HISTOLOGICAL EFFECTS OF POTASSIUM IODIDE AND 
THYROID SUBSTANCE ON THE THYROID GLAND OF THE 
GUINEA PIG IN EXPERIMENTAL SCURVY* 

W. Fulton Abercrombie. 

{From the Department of Biology, University College, New York University, 

New York, N.Y.) 

Introduction 

I. The Effect of Potassium Iodide on the Thyroid Gland 

The histological results of potassium iodide feeding on the normal 
thyroid gland of the guinea pig have been recorded by Gray,^ Gray, 
Haven and Loeb,® Gray and Loeb,^ Gray and Rabinovitch,^ Loeb,^-® 
McCordock,^® Rabinovitch,^^’ Rabinovitch and Gray,^® and Sil- 
berberg.^^ They found that short periods of either oral or intraperi- 
toneal administrations of potassium iodide (usual dose from o.oi to 
o.i gm. of potassium iodide) cause a stimulation of the normal thy- 
roid gland, Rabinovitch showed a dej&nite relation between the 
amoimt of potassium iodide fed and the increase in proliferative 
activity of the epithelium, as estimated by the number of mitoses. 
Gray and Loeb,® and Rabinovitch noted that the action of the 
potassium iodide on the thyroid gland does not reach its maximum 
until after 16-18 days, this being the period of marked proliferation 
in normal guinea pigs. 

Gray, Haven and Loeb,^ Gray and Loeb,® Loeb,®’’ and Rabino- 
vitch observed an entire cessation in mitotic activity after feeding 
potassium iodide for a period of 30 days because of the pressure 
exerted on the cells of the acini as a result of the increase in quantity 
of the colloid. Loeb states that the colloid produced under potas- 
sium iodide stimulation does not leave the acini in a sufficient quan- 
tity but remains largely stored up in the gland, and by its injurious 
pressure on the walls of the acini may lead to a gradual inhibition of 
the glandular activity. In other words, it is possible that potassium 
iodide causes a retention of the thyroid hormone within the gland. 

* Received for publication November 24, 1934. 
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2. The Effect of Thyroid Feeding on the Thyroid 

Structural signs of inhibition in the activity of the thyroid gland, 
similar to those noted above, have been reported by Gray, Haven 
and Loeb,^ Gray and Loeb,^ and Gray and Rabinovitch after oral 
administration of thyroid substance to normal guinea pigs. They 
also noted the number of mitoses to be lower than in the normal 
controls. According to Gray, Haven and Loeb,® in thyroid feeding 
an excess of thyroxin in the circulation prevents the mobilization of 
colloid in the gland, which thus remains solid. In addition, the thy- 
roxin may perhaps gradually cause an atrophy of the epithelium as 
an expression of its inactivity. 

3. The Thyroid Gland in Experimental Scurvy 

Rondoni and Montagnani observed hemorrhagic lesions of the 
thyroid gland as being characteristic in scorbutic guinea pigs. 
McCarrison described a marked enlargement of the th3Toid re- 
sulting in an increased weight of the gland, sometimes amounting to 
two or three times the weight of that in the healthy animal. When 
he examined these glands histologically he found the enlargement to 
be due mainly to hemorrhagic infiltration of the organ. He concludes 
that a scorbutic diet of crushed oats and autoclaved milk may cause 
a considerable enlargement of the thyroid gland in guinea pigs. 
Bessesen^^ also found an irregular enlargement of the thyroid in 
various stages of experimental scurvy in guinea pigs. 

Lowy ^ found no histological changes in the thyroid gland during 
scurvy, as compared with the gland of normal control guinea pigs. 
Meyer described thyroid glands of scorbutic guinea pigs as having 
a tendency to show a reduction in the amount of colloid and an in- 
crease in the amount of “intrafollicular (desquamated) cells,” as he 
called them. He also noted these elements varied considerably in 
amount in the same gland, as well as in different thyroid glands. 
He states that his work is not inclusive enough (insufficient number 
of cases) to draw reliable conclusions and consequently he believes, 
along with Lowy, that no ‘'noteworthy changes” take place in the 
thyroid glands of guinea pigs fed the scurvy-producing diet for 
30 days. 

Harris and Smith studied the changes in the thyroid during 
chronic scurvy lasting 97 days. They reported a decrease in the 
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amount and an increase in the vacuolation of the colloid. This was 
accompanied by an increase in the height of the follicular epithelium 
and an increase in the number of interfoUicular cells. They sug- 
gested that vitamin C might function in the regulation of iodine 
metabolism. 

It is known that the thyroid is associated with iodine metabolism. 
Therefore, it was the purpose of this investigation to determine the 
histological effects of potassium iodide and thyroid substance on the 
thyroid gland in experimental scurvy, and to determine whether or 
not the administration of these iodine compounds would tend to pro- 
long the life of scorbutic animals. 

Material and Technique 

Since young guinea pigs are more susceptible to scurvy than 
adults, only active individuals in good nutritive condition and weigh- 
ing between 250 and 350 gm. were used. The control and experi- 
mental groups were divided equally with regard to sex. AU of the 
experimental animals were kept at an approximately constant tem- 
perature. They were kept in individual sanitary cages with open 
wire-mesh bottoms to allow the excreta to fall through, thus tending 
to prevent coprophagy and eliminate any source of vitamin C that 
might occur in this manner. The cages were cleaned thoroughly at 
regular intervals. 

The animals were housed in their respective cages and fed the 
basal ration plus green food, both ad libitum, and also 3 cc. of orange 
juice daily for a week before the beginning of the experimental 
period. During this period of observation attention was paid to 
general activity and willingness to eat the '‘synthetic” ration. The 
experiment proper was then begun by discontinuing the green food 
and continuing the administration of orange juice to the control, 
starvation, and chronic scurvy animals, as indicated below, but not 
to the animals on the acute scurvy diet. The animals were divided 
into groups and fed diets and iodine compounds respectively, as 
indicated in Table I. The diets used were as follows. 

Scurvy-Prodticing Diet {Basal Diei): This consisted of alfalfa meal 
and wheat flour, mixed in equal amounts by weight and moistened 
with water. Whole oats and tap water were supplied ad libitum. The 
ration was prepared freshly every morning and a sufficient amount 
for one day was placed in low dishes in the cages. 
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Chronic Scurvy Diet: The basal diet plus 0.5 cc, of orange juice 
every second day. 

Starvation Diet: Water and i cc. of orange juice were given daily. 

Table I 


Experimental Procedure 


Animal groups 

No. animals 
used 

Days on 
experimental 
diet 

Days on 
iodine 
compounds 

Controls 




(i) Normal 

6 

O-IIO 

0 

(2) Normal 




+KI 

4 

31-III 

II-S5 

(3) Normal 



+thyroid 

1 

2 

31-118 

31-53 

Starvation 

4 

S-io 

0 

Acute scurvy 




(i) Iodine-free 

2 

21-29 

0 

(2) Iodine compoimds from first day 



(a) KI 

I 

17 

17 

(b) Thyroid 

1 

14 

14 

(3) Iodine compounds after 21 days 




(a) KI 

6 

22-33 

1-12 

(J) Thyroid 

6 

23-31 

2-10 

Chronic scurvy 




(i) Iodine-free 

2 

56-126 

0 

(2) KI after 56 days 

5 

63-138 

7-82 

(3) Thyroid after 65 days 

4 

72-120 

7-55 

Total scorbutic animals 




(i) Iodine-free 

4 

21-126 

0 

(2) Iodine compounds 



1-82 

(a) KI 

12 

17-138 

{b) Th3T:oid 

10 

14-120 

2-SS 


Normal Diet: The same kind and amount of food substances were 
given as were used in the scurvy-producing diet with the addition 
of 3 cc. of fresh orange juice daily, administered orally by pipette, 
to each guinea pig. 

The dose of potassium iodide consisted of 0,01 gm, (Merck’s C. P- 
granular potassium iodide) in i cc. of distilled water. A dose of 
thyroid substance amounted to 0.1 gm. (Lilly’s U. S. P. thyroid, 
I gm. representing 5 gm. of fresh thyroid gland) in i cc, of distilled 
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water. These solutions were administered daily by mouth through 
pipettes. 

The animals were weighed at 3 day intervals, except in the starva- 
tion experiments, in which they were weighed daily. 

In all animals on the scurvy diet typical and usually severe S3anp- 
toms of scurvy developed. When they had reached the stage of ad- 
vanced scurvy, and almost at the point of death in the acute scurvy 
cases, chloroform was administered and both lobes of the thyroid 
gland were immediately removed and placed in Zenker’s fixative. 
They were embedded in parafiin, sectioned at thickness in com- 
plete serial sections, and stained with Delafield’s hematoxylin and 
eosin. These stains were found to be satisfactory in bringing out 
both the cytoplasmic and nuclear structures. 

The following points were considered in studying the shdes: 
(i) condition of foUicles, (2) colloid, (3) epithehum, (4) interfoll- 
icular cells, and (5) phagocytes. Sections from approximately the 
same areas of the thyroid gland were used in these studies. 

Results 

7 . Efects of Various Diets on the Condition of the Animals 

The weight curves obtained were typical and characteristic of the 
diets on which the animals had been placed. They were similar to 
those given by Hess.^® 

The animals receiving 3 cc. of orange juice daily appeared to be 
in good health and active throughout the entire experimental period. 
Those on the starvation diet did not exhibit any symptoms of scurvy. 
The animals fed only the basal diet lived from 14 to 33 days, with an 
average of 28.2 days, on account of the development of acute scurvy. 
However, the animals that received 0.5 cc. of orange juice every 
second day, in addition to the regular basal diet, exhibited chronic 
paralysis, soreness to touch, fragility of bones, decreased consump- 
tion of food with loss of weight, and lived from 56 to 138 days, with 
an average of 97.7 days. In some cases there was no paralysis of the 
limbs, even though other symptoms developed. In many instances 
the teeth were broken off, but this was never seen in normal controls. 
The histological results are presented in tabular form in Table H. 
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2. The Normal Thyroid Gland 

In the normal thyroid gland, as a general rule, the follicles are 
rounded, regular and medium in nmnber and size. The epithelium 
appears in most cases to be cuboidal, with an average or medium 
height and with round nuclei, as shown in Figure i. Phagocytes 
which are located in the colloid are few in number. There is con- 
siderable variation in the quantity of colloid of the normal thyroid, 
as revealed by a comparative study of the various glands. It is uni- 
formly stained but varies considerably in vacuolations from practi- 
cally sohd (Fig. i) to extreme vacuolations throughout. However, 
this extreme vacuolation is probably exceptional, being observed in 
only I case. At times the colloid fills the follicles completely, 
whereas in other cases it is greatly retracted from the follicular wall. 
This condition may be due to shrinkage effects produced during 
preparation of the material. The latter two conditions may occur 
in the same gland, but usually one condition alone is found 
throughout. 

Starvation from 5 to 10 days had practically no effect on the thy- 
roid gland, as compared with the normal, since they are very similar 
in most respects. The most noticeable difference is that the colloid 
is not as uniformly stained as in the normal. 

5. The Effect of Potassium Iodide on the Thyroid Gland 

Potassium iodide causes the follicles to become irregular in shape, 
and larger in size, as seen in Figure 2. There is a decrease in number 
of follicles since they unite with one another (Fig. 5). The colloid 
is not uniformly stained and is usually retracted slightly from the 
follicular wall. In short periods of administration (14 days) the 
colloid is soft, always peripherally vacuolated, and frequently honey- 
combed throughout, but not increased in amount. The epithelium 
is slightly higher and phagocytes are numerous. However, there is a 
characteristic change during longer periods of administration (55 
days), as noted in Figure 2. The colloid becomes harder, more solid, 
less vacuolated and more abundant. The epithelium, because of the 
pressure exerted on it by the colloid, becomes low, flat, thin and 
rectangular, with flattened nuclei. Many cases are seen where the 
thinness results in a break in the follicular wall and a consequent 
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coalescence of the colloid contained within (Fig. 5). There is a re- 
duction in number of the interfollicular cells, and phagoc3d;es are 
not so prevalent, being represented as degenerated structures ap- 
pearing as dark spots in the colloid (Fig. 2). 

4. The Effect of Thyroid Feeding on the Thyroid Gland 

Thyroid substance also causes the follicles to become irregular and 
small, but more numerous as shown in Figure 3. The colloid is non- 
uniformly stained, retracted greatly from the follicular wall, average 
in amount and non-vacuolated. The epithelium in most cases is 
cuboidal, of medium height with round nuclei. There is a slight in- 
crease in the number of interfollicular cells and phagocytes are rare. 

5. The Thyroid Gland in Experiinenial Scurvy 

(A) The Thyroid in Chronic and Acute Scurvy: Chronic scurvy of 
126 days duration, without the addition of any iodine compounds, 
causes more marked changes in the thyroid (Fig. 4) than acute 
scurvy. The follicles have a higher epithelium and are more irregular 
and reduced in number. The non-uniformly stained colloid is more 
vacuolated peripherally and sometimes throughout, and further re- 
duced in amount, tending to disappear entirely from many of the 
follicles. There is a tendency for the epithelium, which is high with 
round nuclei, to become columnar. The interfollicular cells are in- 
creased in number but the phagocytes are very scarce. These 
changes are not so marked in chronic scurvy lasting for 56 days. 
Likewise, these conditions are more marked in animals fed the basal 
diet alone for 29 days than in those on the same diet for 21 days. 

(J5) The Effect of Potassium Iodide in Experimental Scurvy: Potas- 
sium iodide administered to scurvy guinea pigs produced similar 
changes in the thyroid (Fig. 5) as described above for the normal 
gland (Fig. 2). The histological changes were not as noticeable in 
short periods of administration, in either acute or chronic scurv)’’, 
as they were in longer periods. 

(C) The Effect of Thyroid Feeding on the Thyroid Gland in Experi- 
mental Scurvy: The administration of thyroid substance to scurvy 
guinea pigs produces the same changes in the thyroid glands as has 
previously been described for the controls (Fig. 3), Thyroid glands 
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in the chronic scurvy condition, to which thyroid substance has been 
administered for a short time (7-1 1 days), resemble those of 126 
day chronic scurvy (Fig. 4), whereas those in which the adminis- 
tration lasted much longer have a different appearance, as noted in 
Figure 6, Long periods of thyroid administration cause the gland to 
return to a condition similar to that of the normal. In other words, 
it appears that potassium iodide and thyroid substance offset the 
action of scurvy on the thyroid gland, causing a decided change in 
its histological appearance. 

Observations were made to determine whether or not potassium ' 
iodide and thyroid substance would prolong the life of the animal in 
experimental scurvy. Animals on the basal diet plus potassium 
iodide had an average hfe of 28 days, whereas those on the same 
diet, with the addition of thyroid substance, lived on the average 
28.5 days. Thus, in the cases studied it was noted that these iodine 
compounds did not tend to prolong the life of the individuals, since 
Sherman and Smith found the survival period of scorbutic animals 
to vary from 26 to 34 days. 


Discussion 

The normal thyroid glands described above compare very favor- 
ably with those described byLoeb,^”® Gray,^ Rabinovitch,^^’^^ Mc- 
Cordock,^® and others. One exception to the general conditions was 
observed in which there was an excessive amount of vacuolation. 

The glands from animals on a starvation diet (5-10 days) appeared 
like those of the controls in every way except that a difference in 
the staining power of the colloid was noted. Rondoni and Monta- 
gnani,^® Lowy,^® and Harris and Smith,^° likewise found no significant 
histological changes in the, structure of the thyroid gland in guinea 
pigs as a result of starvation. 

The histological changes occurring in the thyroids of guinea pigs 
with experimental chronic scurvy are similar to those previously 
described by Harris and Smith in chronic scurvy of 97 days dura- 
tion. They likewise foimd similar changes, but less marked, in acute 
scurvy. Hemorrhagic infiltrations, as observed by McCarrisoUj^” 
and Rondoni and Montagnani,^® were seen to a slight extent in the 
normal animals, but were more noticeable in acute scurvy of 29 days 
and considerably greater in chronic scurvy of 126 days duration. 
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Whether they are extensive and great enough to cause the increased 
weight observed by McCarrison is not known. 

The histological results of potassium iodide feeding reported in 
the present work (Fig. 2) agree with those of other workers. Fur- 
thermore, it seems that potassium iodide has the same action on the 
thyroid gland in acute and chronic scurvy (Fig. 5) as it does on a 
normal gland (Fig. 2), when administered for a corresponding period 
of time. That is, potassium iodide seems to offset the action of 
scurvy on the thyroid, and instead induces its own characteristic 
effects. The idea of Loeb that potassiimi iodide causes a retention 
of the thyroid hormone within the gland, might serve as an explana- 
tion for the increase of colloid observed, and the failure to observe 
the histological changes characteristic of scurvy, as described by 
Harris and Smith,^^ and the writer. 

It was found that administration of thyroid substance to normal 
guinea pigs causes morphological indications of inhibition in the 
activity of the thyroid gland, as reported by earlier investigators. 
The h3TDOthesis of Gray, Haven and Loeb^ that the increased 
amount of thyroxin in the circulation due to thyroid feeding does 
not allow the mobilization of colloid in the gland, might explain why 
the colloid, in the case of feeding thyroid substance to chronic scurvy 
guinea pigs, does not become vacuolated and reduced, as it does in 
iodine-free chronic scurvy. The administration of thyroid substance 
in acute and chronic scurvy (Fig. 6), causes a definite and decided 
change toward the condition in the normal gland during thyroid 
feeding. This change is more pronounced in the longer periods of 
administration. 

The fact that the administration of iodine compounds seemed to 
cause the thyroid to approach its normal condition in the absence 
of vitamin C, without prolonging the life of guinea pigs in experi- 
mental scurvy, seems to indicate that vitamin C is not concerned 
with iodine metabolism, as suggested by Harris and Smith.^'’ 

SuiEMARY A2sT) CONCLUSIONS 

I. The thyroid gland in scurvy presents irregular follicles with 
higher epithelium, a reduced amount of non-uniformly stained but 
extensively vacuolated colloid, and an increase in the intcrfoUicular 
cells. These changes are more marked in chronic scurvy of long dura- 
tion than in acute scurvy. 
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2. Potassium iodide, when administered to animals with scurvy, 
causes a decrease in the number of vacuoles and an increase in 
amount of the colloid, accompanied by a flattening of the epithe- 
lium and a decrease of the interfoUicular cells. Thyroid substance 
produces similar results except that the epithelium is not flattened 
but is returned to the normal medium height. 

3. Potassium iodide and thyroid substance, in the doses admin- 
istered, do not tend to prolong the life of the animal in experimental 
scurvy. Thus, it appears that vitamin C is not concerned with 
iodine metabolism. 

Note: The writer wishes to express his deepest appreciation to 
Dr. D. Ludwig for his advice and careful criticism throughout the 
course of this investigation. 
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Plate 63 

Fig. I. Photomicrograph of a section of a normal gland. Female, on diet 21 
days. The follicles are rounded, regular, and medium in size and number. 
The epithelium is cuboidal, of average or medium height wth round nuclei. 
The interfollicular cells are average in number. There are a few phago- 
cytes. The colloid is practically solid but slightly retracted, x 800. 

Fig. 2. Photomicrograph of a section of thyroid gland of a female guinea pig 
fed a normal diet for 56 days before the administration of potassium iodide. 
Potassium iodide then given for 55 days. Decreased number of irregular 
follicles. Colloid less vacuolated and more abundant. Low, flat, thin 
epithelium with flattened nuclei. Reduction of interfollicular cells. Dark 
spots in the coUoid represent degenerated phagocytes, x 800. 

Fig. 3. Photomicrograph of a section of thyroid gland of a male guinea pig fed 
a normal diet for 53 days before the administration of thyroid substance. 
Thyroid substance then given for 65 days. Irregular follicles. Colloid 
greatly retracted but average in amount and non-vacuolated. Cuboidal 
epithelium. Degenerated phagocytes are rare, x 800. 
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Plate 64 

Fig. 4. Photomicrograph of a section of thyroid gland of a male guinea pig fed 
a chronic scurv)'’ diet alone for 126 days. Irregular follicles with very high 
epithelium. Colloid extremel}’^ vacuolated and tending to disappear from 
the follicles and thus reduced in amount. Increased number of interfollic- 
ular cells but phagocytes are scarce, x 800. 

Fig. 5. Photomicrograph of a section of thyroid gland from a female guinea 
pig fed a chronic scurvy diet 56 days before the administration of potas- 
sium iodide. Potassium iodide then given for 82 daj's. Union of colloid 
after the follicular wall is broken. Increase in rarely vacuolated colloid in 
the irregular follicles. Low, flat, thin epithelium about to break through 
in many places. Phagocj'tes are rare, x 800. 

Fig. 6. Photomicrograph of a section of thyroid gland of a female guinea pig 
fed a chronic scurvy diet for 65 days before the administration of thyroid 
substance. Thyroid substance then given for 55 days. Increase in colloid 
and decrease in interfollicular cells, as compared to Figure 4. Colloid re- 
tracted but non-vacuolated. x 800. 









GLOMERXJLAR CHANGES IN ARTERIOSCLEROTIC 
CONTRACTION OF THE KIDNEY* 

Paul KiMMELSTnjL, M.D. 

{From the Pathological Laboratory of the Boston City Hospital, Boston, Mass.) 

In the course of systematic investigations on arteriosclerotic con- 
traction of the kidney, I have paid special attention to the changes in 
the basement membrane of the glomerulus and its capsule. 

The following communication is confined to degenerative changes 
and is not concerned with inflammator)'^ processes. Furthermore, 
those degenerative changes that are due directly to lesions of the 
vas afferens are not considered. The method of glomerular de- 
struction associated with hyaline or fatty degeneration of the vas 
afierens — whether due to obstruction of the blood stream or to im- 
mediate encroachment upon the glomerular capillaries — is so well 
known that my investigations could not possibly add anything new. 
It appears that less attention has been paid to degenerative changes 
not associated with visible disease of the vas afferens, in spite of their 
far greater frequency. The reason, apparently, is that the earlier 
stages of glomerular atrophy become conspicuous only with special 
stains. The Lee-Brown stain has proved quite adequate for this pur- 
pose and is simple in practice. 

Two different forms of glomerular degeneration can be distin- 
guished, a primary and a secondary. Both forms can lead to the same 
terminal destruction. 

Primary (Senile) Degeneration 
Axial Increase of Connective Tissue 

The primary form consists of a thickening of the connective tissue 
framework of the glomerular tuft. When the basement membrane 
and the connective tissue are demonstrated by the Lee-Brown stain, ' 
the delicate subepithelial membrane stands out shaiply delineated 
and is not thickened. The central axis of the glomerular lobule, on 

* Received for publication December i8, 1934. 
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the other hand, is more marked, stains a deep blue and shows a 
blurred outline. Even under low power the lobulation of the glomer- 
ulus is accentuated by this broadening of the axial supporting tissue 
(Fig. i). The fact that on cross-section the delicate basement mem- 
brane can be distinguished clearly from the thickened axis, on which 
it lies tangentially, proves definitely the separate existence of the 
latter as a mass of intercapiUary connective tissue. 

The presence of such a structure has long been denied, but the re- 
sult of research in normal anatomy leaves no doubt that the glomeru- 
lar tuft contains fibrillary nucleated connective tissue between the 
capillaries, in addition to the epithehal cells, the endothelial cells, 
and the basement membrane (Zimmermann, von MoUendorff and 
Borst) . 

In minor degrees of thickening this intercapiUary connective tissue 
shows a fine fibrillary structure, but later becomes homogeneous and 
hyaline. The broadest masses of hyaline connective tissue are al- 
ways found in the intraglomerular portion of the hilum. The other 
glomerular components (epithelium, endothelium and basement 
membrane) are quite normal. In the overwhelming majority of cases 
the vasa afferentia and precapiUaries likewise are unaffected. 

Since such a great number of glomeruh show the changes described 
above in otherwise normal kidneys, one might be inclined to regard 
this picture as a variation of the normal. There are, however, great 
variations of intensity and extent of this process in different kidneys. 
The degree of thickening and number of altered glomeruli both ob- 
viously increase with age. Although some arteriosclerotic and nor- 
mal kidneys in old subjects show no thickening of the axial connec- 
tive tissue, this feature was entirely absent in a control series of 
twenty individuals under 20 years of age. It proved impossible by 
counting those glomeruli to show any parallelism with any type of 
vascular change or with high blood pressure, which might possibly 
exist. Likewise, no relation can apparently be established to passive 
congestion of the kidney. 

Although severe and extensive axial thickening was observed m 2 
cases where the individuals were 32 and 45 years of age, nevertheless 
its greater frequency in older subjects is imdoubted. This points to 
the conclusion that the change described cannot be regarded as a 
variation of the normal but is an expression of the aging process in 
the glomerulus. 
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Since MacCallum in a recent paper pays attention especially to the 
change of intercapillary connective tissue and states that the main 
group of such cases occurs in association with cardiac hypertrophy 
and arterial hypertension, I shall go more into detail in regard to this 
point. 

It is true that the process of thickening of the wall of the vasa 
afferentia very often tends to enter into the glomerular tufts and 
that in these cases the secondary degeneration of the glomeruli is 
due to an increase in intercapillary connective tissue, which in later 
stages compresses the capillaries. However, it must be emphasized 
that the causal connection is confined purely to the arteriolo- 
sclerosis. The relation between arterial h3^ertension and arteriolar 
sclerosis still is a question. The object of this paper is to stress the 
fact that the “axial thickening” is a far more common finding and 
may very well occur independently of changes in the arterioles. 
When comparing this change with the heart weight, I found among 
46 cases in which I enumerated the glomeruli with thickened connec- 
tive tissue: (a) 6 cases of severe thickening with a heart weight under 
400 gm. ; 3 cases of severe thickening with a heart weight over 430 
gm. ; (b) on the other hand, 7 cases with a heart weight of more than 
500 gm. had a degree of axial thickening ranging from zero to about 
half as much as in the cases of the first group. 

It can be definitely stated, then, that this condition is independent 
of arterial hypertension and cardiac hypertrophy. 

MacCaUum speaks in these cases of a growth of the mesangium, 
but my histological examination never revealed any increase of nu- 
clei vmless there was an inflammatory process associated with the 
axial thickening. Because of this I cannot convince myself of an 
actual axial growth. 

Considering the details of the process, one can state that the de- 
generation in question begins at the hilum where the capillaries 
branch, and progresses towards the periphery (Fig. 2). While the 
thickening is frequently confined to the region of the hilum, I have 
never seen peripheral broadening of the connective tissue in a glom- 
erulus with a normal hilum. 

In consequence of this process, collapse of the capillaries occasion- 
ally develops. In some rare instances this coUapse is confined to one 
glomerular lobe, of which the axis is definitely thickened, while its 
subepithelial membrane is still unaffected. One might, then, justifi- 
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ably assume that the collapse and the axial thickening are closely 
related. In the later stage of hyalinization, which of course in- 
volves the basement membrane, it is impossible to make any such 
distinction. 

It should be mentioned that the thickening of the intercapillary 
connective tissue can occur also in connection with other processes. 

We not infrequently encoimter .cases in which the intercapillary 
change is so marked and so extensive that one might be inclined to 
look upon this disease of the kidney as a characteristic lesion. A later 
paper will be devoted to a closer study of these kidneys. The axial 
thickening may develop in amyloid degeneration or subsequent to 
inflammatory lesions and can be demonstrated in the glomerular de- 
struction which follows primary thickening of the basement mem- 
brane. Instances of the latter, however, as we shall see later, are de- 
cidedly uncommon. Axial thickening has been mentioned several 
times in recent papers (MacCaUum, Schiirmann and MacMahon), 
although associated with other conditions. It must be emphasized, 
however, that this lesion in its pure form is exceedingly frequent and 
independent of changes in tubules and blood vessels; hence it has 
been termed “primary degeneration.” 


Secondary Degeneration 
Thickening of the Basement Membrane 

This description applies to glomeruli whose basement membrane 
is thickened (for the most part imiformly) and has a wrinkled appear- 
ance. The glomeruli are simplified in structure as a result of atrophy 
and for this reason are easily recognizable by special stains under low 
power. These lesions of the glomerulus have been described re- 
peatedly and in excellent detail by McGregor. I shall therefore take 
her conclusions as a basis for the following considerations. 

McGregor introduced the term “hypertensive glomeruli,” assum- 
ing that a close connection exists between this form of glomerular 
disease and arterial hypertension. Her investigations failed, how- 
ever, to shed any light on the pathogenesis of the glomerular lesions. 
A definite relation to arteriolar sclerosis could not be established, as 
partial or complete hyalinization of the vessels could be found only 
at some distance from the glomeruli they supplied. The author 
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herself was apparently not satisfied with the morphological rela- 
tionship as the basis of the glomerular lesion. 

I have tried to confirm the results that McGregor obtained by 
counting the hypertensive glomeruli. It can certainly be shown that 
the number of these “membrane-thickened” glomeruli is consider- 
ably increased in kidneys with severe arteriosclerosis. One should, 
however, regard quantitative observations on histological prepara- 
tions with more skepticism. In enumerating the glomeruli it is im- 
possible to avoid subjective errors which are present in the “birds- 
eye view” method of estimation. We are easily led thereby to form 
an impression with a false sense of certainty. Even if sections are 
taken from several parts of the kidney the method is still inaccurate 
owing to topographical variations. 

Thus, cormting every glomerulus throughout the section, I found 
a high percentage of so-called hypertensive glomeruli in simple, 
scarred, atrophic, senile kidneys without any relation to high blood 
pressure. The difference between McGregor’s and my results might 
possibly be explained by the var3dng size of the scars in which the 
hypertensive glomeruli are crowded. I encountered cases in which 
the so-caUed hypertensive glomeruh could not be demonstrated any- 
where else but in the vicinity of an old scar (Figs. 3 and 4). Accord- 
ing to McGregor’s own statement, she believes that this glomerular 
change depends on a circulatory damage. As we shall see later, I 
agree entirely with this point. I also believe that the thickening of 
the basement membrane is due to an ischemic process. 

I encoimtered several cases of severe hypertension with moderate 
arteriosclerosis of the ki^ey in which only very few glomeruli with 
thickened basement membrane were present. As is well known, 
arterio- and arteriolosclerosis are frequently found in association 
with a previous history of hypertension. This, in my opinion, how- 
ever, can be interpreted as a coincidental relationship rather than 
one of cause and effect. Inasmuch as I have found the distribution 
of the so-called hypertensive glomeruli to be a focal one related to 
vessel change, and therefore probably caused by ischemia, I prefer 
the term ischemic glomerulus for this type of change. 

Two types of glomeruli with thickened basement membrane can 
be distinguished. The first is characterized by additional thickening 
of the capsular membrane with only slight widening of the capsular 
space, because of atrophy of the glomerular tuft itself. The second 
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shows definite dilatation of capsular space with no thickening of 
the capsular membrane. The combination of both these types is 
possible but the differentiation between them is necessary since 
the common occurrence of the pure form of either type strongly 
indicates their different histogenesis. 

Ischemic Atrophy of the Glomerulus with Thickening 

of the Capsule 

The majority of the vasa afferentia of this t)qDe of glomerulus are 
normal, although partial hyalinization of the vessel wall may be en- 
coimtered occasionally, but not constantly, some distance proxi- 
mately. In view of the inconstance of this finding, it is most improb- 
able that a direct relation exists between this type of glomerular 
lesion and degeneration of the arteriole or prearteriole. Furthermore, 
one can practically never recognize with certainty any associated 
thickening of the axial connective tissue. 

It is obvious that the process from the beginning consists of the 
thickening of epithelial basement membrane, but the change is con- 
fined for the most part to the glomerulus and only exceptionally 
extends to the basement membrane of the tubules. This t>T)e of 
glomerular degeneration has often been noted on account of the 
associated thickening of the capsule, which is easily demonstrable 
by the common staining method hematoxylin-eosin and Van Gieson, 
(Tschistowitsch, Roth, Herxheimer, Fahr and Aschoff). The onset 
of the process is usually observed at the site of reflecture of the base- 
ment membrane of the capsule to the capillary tuft, but may some- 
times be particularly marked at the pole opposite to the hilum 
(Fig. 5). The contributions in the literature are purely descriptive. 
The mode of development of this special form of glomerular atrophy 
is still in question. 

On the negative side we can first state, contrary to the assumption 
of most authors, that in all these numerous cases capillary collapse is 
not the result of mechanical narrowing of the vas afferens. The vessel 
is intact and very frequently shows passive congestion with dilata- 
tion of the lumen (Fig. 6). This of course does not apply to the ex- 
ceptions mentioned in the introduction. 

Two modes of development are to be considered: (i) ascending, 
due to obstruction of excretion; and (2) primary circulatory damage 
of low degree. 
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We can exclude the first mode in the above glomerular degenera- 
tion since no dilatation of the capsular space or the corresponding 
tubules is present, and without this criteria such a conclusion would 
not be justified. ^ 

On the other hand, there is adequate evidence to support the 
second mode of development. Membrane-thickened glomeruli are 
aggregated in so-called incomplete infarcts (Fahr), that is, wedge- 
shaped areas where the glomeruli are crowded between atrophic 
tubules. Although in hematoxylin-eosin preparations the glomeruli 
frequently appear normal, the special stains show thickening of the 
basement membrane. At the apex of such wedge-:shaped areas one 
can as a rule recognize the arteriosclerotic narrowed vessels. 

The glomeruli with thickening of the basement membrane and 
capsule are almost invariably aggregated together, but even if they 
occur isolated the corresponding tubular apparatus is atrophic 
(Fig. 7) . In a doubtful case, serial sections will reveal the associa- 
tion of the glomerular and tubular atrophy. The tubular basement 
membrane, however, is rarely thickened, and there is little more 
than a slight broadening of the loose interstitial connective tissue. 

It is, therefore, desirable to discuss the relation of the tubular 
atrophy to the glomerular change. In the majority of the atrophic 
scars the obliteration of the glomerulus is considered to be primary, 
atrophy of the tubules occurring as a secondary process (Fahr, 
Aschoff, Loehlein, Stoerk, Jores and Herxheimer). Opinions differ, 
however, as to the mechanism. On the basis of Stoerk’s assumption 
of a vascular unit, that is, of a tubular blood supply via the glom- 
erulus, the tubular atrophy is of circulatory origin. Other authors 
(Jores, Herxheimer, and others) favor the hypothesis of a disuse 
atrophy. Aschoff’s explanation of the tubular atrophy resulting from 
excretion of toxins by the glomerulus appears to be only a theoretical 
possibility. 

Certain qualifications are made by Herxheimer and Fahr in 
special cases, since they pointed out the possibility of a combined 
atrophy depending on narrowing of the larger vessels, in which case 
tubular might precede glomerular atrophy. 

It has only lately been emphasized by Staemmler that the above 
possibility is most frequent in arteriosclerotic contracted kidneys. 
The proof lies essentially in the fact that according to this author the 
glomeruh are fairly well preserved even when tubular atrophy is very 
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advanced. The special stains, however, reveal in such areas many 
glomeruli with a thickened basement membrane. The same holds for 
smaller areas which contain only a few nephrons. 

It is not to be denied that a primary lesion of a vas afferens often 
enough leads to destruction of the glomerulus and subsequently to 
atrophy of the tubules. In view of the early changes in the glomeru- 
lar basement membrane, one gets the impression that the signifi- 
cance of such processes in contraction of the kidney has been over- 
rated. Hyahnization or fatty degeneration of the vas afferens, which 
in fact leads to narrowing of the lumen with subsequent damage of 
the glomerulus, in absence of sclerosis of the larger vessels, affords a 
rare exception. In this respect I disregard the frequent hyalinization 
of arterioles without change of their Imnen. Thus, it is quite imma- 
terial whether the tubules receive their blood supply via the glo- 
meruli or directly (Elze and Dehoff). The essential point is that 
tubular atrophy is purely circulatory, as is evident from the sequence 
of events; atrophy of tubular epithelium and thickening of the cap- 
sule membrane can often be recognized before any change can be 
demonstrated in the glomerulus. Furthermore, the microscopic pic- 
ture leaves no doubt that the process may encroach on the glom- 
erulus from the capsule, especially at the hilum, without involving 
the vessel at all. It is striking how long the capillary epithelium 
is preserved. 

The fact that the tubular epithelium is much more susceptible to 
nutritional disturbance than the glomerular capillary apparatus also 
makes this sequence of events most probable. It has recently been 
shown in a paper by Maatz that a relatively short constriction of the 
large renal vessels produces in the first place, and chiefly, tubular 
atrophy. I believe also that the same explanation applies to the 
“tubular kidney atrophy” which Baehr produced by injection of 
iodine, particularly as the vessels showed marked changes. 

Finally, we must mention another possible mode of development 
of atrophic scars described by Fahr and later by Helpap; namely, 
ascending contraction due to primary sclerosis of the medulla. The 
histological resemblance of these cases to ascending pyelonephrotic 
contraction suggested this conception to Fahr. Definite proof, how- 
ever, is difficult to obtain. Whether we assume vath Fahr a collapse 
of the lower parts of the tubules, or whether we postulate pressure 
from without, we should expect to find stagnation of secretion vdth 
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subsequent ascending dilatation. This, however, usually does not 
occur. 

On the other hand, we know that distention of the pelvis produces 
ischemia of the kidney. Hinman and Morison have given conclu- 
sive experimental illustrations of this. It appears, therefore, that the 
same mechanism which we postulate in incomplete infarctions might 
come into play in ascending infection or pyelonephrosis. The histo- 
logical appearances are in fact extraordinarily similar. Histological 
differentiation is indeed possible only in the presence of a characteris- 
tic distribution of the inflammatory infiltration. The type of con- 
traction is itself identical. Fahr’s conception of ascending contrac- 
tion following primary sclerosis of the medulla is only tenable if 
sclerosis of the large vessels can be excluded on the one hand, and 
urinary obstruction, on the other hand, is demonstrable. 


Ascending Atrophy 

This form of glomerular atrophy with thickening of the basement 
membrane not infrequently occurs in arteriosclerotic kidneys. Small 
and large cysts are present in the renal cortex, representing dilated 
capsular spaces, in which often only a residue of the glomerular tuft 
can be recognized. Although Beer in 1904 described in detail these 
small glomerular cysts and stated numerically that 31 per cent of all 
degenerating glomeruli underwent this cystic change, only scanty 
information about them is found in the text-books. 

In my experience the process, though very frequent, seems to be 
less common than is claimed by Beer. This author did not take ac- 
coimt of the fact that hyalinized glomeruli may disappear completely. 
This alone invalidates any method of comparative enumeration. 

Staemmler and Masugi pointed out, and Moritz and Hayman 
furnished the experimental proof, that hyalinized glomeruli can dis- 
appear without leaving any trace. The basement membrane of the 
glomerulus in ascending atrophy is usually quite imiformly thickened 
and wrinkled, but in contrast to the findings in ischemic atrophy 
(Fig. 8) the capsule largely remains unaffected (Fig. 9). The vas 
afferens is almost invariably patent and the glomerulus shrinks more 
and more, although capillaries are wide open and filled with blood. 
Here, too, surprisingly enough, the epithelial cells are often well pre- 
served to the end and not even flattened in every case. The excessive 
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dilatation of the capsular space which is filled with coagulum points 
to a primary obstruction to secretion. 

In spite of careful examination, Beer could not find any actual 
occlusion at the outlet of the capsular space and therefore assumed 
that constricting bands of connective tissue might lead to obstruc- 
tion some distance from the glomerulus. Indeed, if we follow these 
cysts in serial sections we observe that the dilatation need not be con- 
fined to the glomerular capsule but sometimes involves one or several 
loops of the convoluted tubules. Here, in fact, one often finds a band- 
like increase of connective tissue just where the dilated tubule ends, 
sometimes rather distant from the glomerulus, showing that passive 
stagnation of secretion might be verified histologically. I agree with 
Beer’s statement that the picture is often so complicated that a single 
nephron cannot be traced, especially when, as is frequently the case, 
the glomerular cysts are grouped together. However, it is in this 
type of case that reticular, scarring fibrosis is seen to be the cause 
of stagnation (Fig. lo). 

Aschoff’s assumption that these cysts are due to a developmental 
abnormality is most improbable. They indeed resemble the dilata- 
tion of the capsular space, which is so frequently found, especially in 
the outer zone of the cortex of the kidney of young infants, and which 
undoubtedly is due to malformation. Aschoff believes that such 
cysts increase in size with age and become particularly visible when 
the kidney contracts in old age, or as a result of inflammation. This 
explains why they are relatively rare in kidneys of young individuals 
without arteriosclerosis and why they seem to be more common in 
old subjects. In such arteriosclerotic kidneys, however, we see the 
cysts in aU stages of development and it is inconceivable that the 
capsular dilatation should be preserved from infancy to old age, espe- 
cially as we know that many glomeruli become obhterated and dis- 
appear on account of this process in early childhood (Herxheimer). 

Cystic degeneration of the glomeruli, which is beyond doubt 
caused by stagnation of excretion, frequently is due to scarring proc- 
esses in the vicinity of the glomeruli. Furthermore, it is conceivable 
that in primary tubular atrophy the epithelial cells may obstruct the 
lumen. Cases in which the c>'sts are accompanied by a thickening of 
the capsule afford evidence of such a process actually taking place. 
For we have seen above that thickening of the capsule and atrophy 
of the tubular epithelial cells are associated together in ischemic 
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atrophy. This combined picture is frequently encountered in incom- 
plete infarcts and scars (Fig. ii). 

Conclusions 

In arteriosclerotic kidneys the following degenerative changes can 
be recognized in the glomeruli: 

1. Primary broadening and hyalinization of the intercapillary 
axial connective tissue. This very frequent change is interpreted 
as an aging phenomenon of the glomerulus and may lead to sec- 
ondary damage to the glomerular capillaries. 

2 . Thickening of the basement membrane, which is always 
secondary, may be due to two different causes: 

(A) Ischemic atrophy of the glomerulus which may result from: 

(a) Direct encroachment of hyalinization of the vas afferens 
upon the glomerulus leading to collapse and degeneration of all 
glomerular elements. 

(b) Narrowing of the larger vessels, producing slow circu- 
latory atrophy of the tubules and glomeruli. This change, the 
most common in all forms of arteriosclerotic kidneys, is charac- 
terized by thickening of the capsule and basement membrane, 
frequently extending from the former to the latter. This thick- 
ening of the capsule is closely associated with atrophy of the 
tubular epithelium. 

(B) Ascending atrophy. This is caused by obstruction of the cor- 
responding tubules and is characterized by the thickening of the 
capillary basement membrane without thickening of the capsule and 
is associated with dilatation of the capsular space. This form usually 
is not observed in pyelogenic ascending contraction. The latter is in- 
terpreted mainly as an ischemic process, thereby explaining the fact 
that in this condition we so frequently encounter a high degree of 
capstilar thickening (vide (A) (6)). 

Tubular atrophy in arteriosclerotic kidneys is chiefly a circulatory 
one and essentially depends on changes in medium sized and larger 
vessels. 

Note: The author wishes to express his gratitude to the Com- 
mittee in Aid of Displaced Foreign Physicians and the Rockefeller 
Foundation for a grant which made possible the above investigation. 
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and is indebted to Dr. Frederic Parker, Jr., of the Mallory Institute 
of Pathology for research facilities and for his helpful advice and 
criticism. 
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Plate 65 

Fig. I. Accentuated connective tissue framework of the glomerulus "axial 
thickening.” 

Fig. 2. "Axial thickening” progressing from hilum to periphery. 

Fig. 3. Old scar with hyalinized glomeruli and five so-called “hypertensive 
glomeruli.” 

Fig. 4. Two “hypertensive glomeruli” of the same scar (Fig. 3) in high 
magnification. 

Fig. 5. Capsular thickening. Process encroaching upon basement membrane. 
Most of the basement membrane still delicate. 

Fig. 6. Same as Fig. 5. Vas afferens intact and congested. 
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Plate 66 


Fig. 7. Capsular thickening associated with tubular atrophy (membrane of 
tubules delicate). Basement membrane of glomerulus only slightly 
thickened. 

Fig. 8. Glomerulus with thickened basement membrane. Widening of the 
capsular space due to atrophy of the glomerular tuft. 

Fig. 9. Glomerular cyst without capsular thickening. 

Fig. 10. Group of glomerular cysts (without thickening of the capsule). Scar 
tissue towards the medulla. 

Fig. 1 1 . Scar with combined ascending and ischemic glomerular atrophy. 
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REACTION OF PULMONARY TISSUE TO LIPIODOL* 

R. Douglas Wright, M.S. 

{From the Department of Pathology, University of Mdhourne, Melbourne, Australia) 

The reaction of tissues to lipoid substances is of increasing interest. 
The effect of vitamin D on tissue growth is well known. The local 
reaction of tissues to fats and fatty acids released from their protein 
envelopes and chemical unions respectively has been discussed by 
King/ Cohen/ Lee and Adair/ and Stulz and Fontaine/ and a simple 
phagoc3rtosis by local connective tissue and wandering cells has been 
found. In the case of olive oil containing carotin injected into the 
peritoneum, Connor^ found a “foreign body” granuloma to be 
formed. 

Sabin and co-workers ’ have demonstrated that tuberculophos- 
phatide gives rise to an epithelioid reaction with Langhans’ giant 
cells and marked caseation : in the environs lymphocytic and plasma 
cell collections occur. To phthioic acid a reaction more closely re- 
sembling the. exudative type of tuberculous reaction was found. 

Olive oil was found by Sabin ® to excite a “marked irritation” of 
the fibrous tissue. White ® found that when injected subcutaneously 
in the back of rabbits oleic acid gives rise to a cyst which becomes 
fined by squamous epithelium if it approaches skin appendages. 
When the injection is made into the mammary gland metaplasia of 
the epithelium to the squamous t)rpe always occurs. 

The reaction of tissues to rapeseed oil containing a 35 per cent 
iodine is therefore of interest. Such reaction was found in the mate- 
rial here described. It was impossible to retain the lipiodol in the 
lungs of experimental animals so it could not be determined whether 
the iodine or the oil was the stimulus to the reaction found. 

As no reference could be found in the literature to this type of re- 
action it is considered worthy of report. 

Lipiodol injected into bronchi is usually expelled before any reac- 
tive changes to it are set up in the lung. In the lung of a patient into 
whose bronchi lipiodol had been instilled 12 months previously the 
oil was retained. At the time of introduction one of the main lateral 

* Received for publication October 7, 1934. 
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brandies of the right bronchus was seen to be blocked completely but 
the lipiodol passed readily into the lower branches. Roentgenograms 
taken a week before death showed the lipiodol still to be present in 
bronchiectatic cavities in the neighbourhood of a relatively radio- 
paque mass, especially in parts caudal thereto (Fig. 2) . Figure i shows 
the manner in which this “ trapping ” of the lipiodol had taken place. 
Occlusion of the main bronchus had occurred by the growth of an 
epithehoma of a lateral branch of the right bronchus. The growth of 
this mass cranially probably explains the presence of lipiodol in the 
bronchi above the tumor. 

The lungs were removed with the mediastinum. The right lung 
was adherent to the parietes over its whole surface but more firmly 
over the lower lobe. The diaphragm was separated from the lung 
with extreme difficulty when it was seen that this surface of the lung 
was covered with a thick white tissue. On section this was mainly 
distributed toward the mediastinum where it was almost an inch 
thick (2 cm.) but only 0,5 cm. thick at the lateral portions. The sur- 
face of this tissue was grey and shining; no fluid exuded from it. The 
texture was homogeneous, the consistence was harder than mucoid 
tissue and softer than cartilage. It was very firm and elastic. 

The cut surface presented a large, rounded epidermoid carcinoma 
of a lateral branch of the main bronchus growing in a massive manner 
into the lung and main bronchus. No metastases were present in the 
mediastinal glands. The lung parenchyma about this tumor was 
compressed and fibrous. In the lower portion of the lobe it was not 
compressed but presented no evidence of alveolar structure on 
macroscopic observation. Throughout there were lobulated areas of 
fawn-colored material which stood out in marked contrast to the 
deep reddish brown of the parenchyma. These masses varied in size 
from a few mm, to i cm. in cross-section. The edges of these areas 
wnre definite but slightly blurred. The central zone w'as essentially 
homogeneous. The most noticeable feature of these areas w’as the 
regularity of distribution and of lobulation in them. The mam 
bronchi were dilated, the mucosa rough and reddened. Blood ves- 
sels stood open in the neighbourhood of the tumour. 

Frozen sections wnre taken to include the diaphragmatic surface 
and the lung with several of the buff-colored areas adjoining it. 
These v/ere stained with Sudan HE which stained the lipiodol deep 
red. The sections w^ere then stained mth haematoxylin. 
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No fat occurs normally in these areas so that all the material 
stained by the Sudan III can be interpreted as abnormal. This ma- 
terial can be freed with a needle from the section; it is then seen to be 
in the form of liquid oil droplets. The areas are, to judge from the 
roentgenogram taken before death, radiopaque. On this evidence 
then I will assume that the substance stained by the Sudan III in 
these sections is lipiodol. 

These areas are represented in Figure 4 and Figure 5. The red oil 
droplets are represented deep black, a green filter and orthochro- 
matic plates being used. In Figure 5 the edges of the two areas of 
lipiodol accumulation are seen. The lipiodol is in more or less con- 
fluent droplets, forming a dense reticulated mass. In Figure 4 these 
masses are seen to run over many cell areas and are not actually en- 
closed by any one cell. At A, however, very fine droplets are seen 
to be included in a macrophage. 

When the lipiodol is removed by a fat solvent and the section 
counterstained by eosin the areas where the lipiodol occurred are 
seen to be made up of a lace-work of fiinely reticulated cells with small 
round nuclei (Fig. 3). The cytoplasm is extremely scanty, slightly 
vacuolated and extending in fine interconnecting strands from one 
ceU to the other. No collagen fibrils (Van Gieson) were demon- 
strated arising from these cells. 

The lipiodol appears to be enclosed in a foam of cellular S3mcy- 
tium. The origin of these cells is probably the supporting tissue of 
the bronchi. 

Between these areas the remnants of lung parenchyma are seen as 
small channels with thick fibrous walls. 

No bronchi or epithehum are found. The whole of the lobe is re- 
markably avascular. Even in a section vessels are rarely seen. 

The thick hyaline tissue on the diaphragmatic pleural surface is a 
peculiar form of granulation tissue (Fig. 6). Small, well developed 
capillaries are seen running at right angles to the lung surface. They 
are widely separated by a material which takes the eosin poorly, but 
Van Gieson’s stain shows a fine collagenous reticulum. It does not 
take stains for mucus (thionine and Mayer’s mucicarmine) at all. 
There was no selective staining by iodine or gentian violet. Scat- 
tered through it are macrophages in small numbers. Some of these 
contain small droplets of hpiodol. Most of this substance is, how- 
ever, extracellular and is almost entirely close to the capillaries in fine 
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droplets. To liberate them from this situation it is necessary to tear 
the tissue with needles; they could not have been deposited here dur- 
ing the preparation of the section. Such tissue is unique as far as can 
be determined from the literature. That it is a reaction to the lipio- 
dol appears probable. 

The two outstanding features of this specimen are the reaction of 
the reticular tissue of the lung to the prolonged presence of lipiodol 
and the reaction of the pleural tissue. 

The cavities which were demonstrated in the first roentgenogram 
were still diagnosed as such 12 months later. In the meantime they 
had, however, become completely obhterated and sterile, as judged 
by staining. This result is certainly due to a tissue reaction to lipio- 
dol which has been retained a long time. The relationship to lipiodol 
of the peculiar pleural reaction is one of probability only. However, 
the occurrence of lipiodol in the tissue and the most unusual type of 
this tissue make the probability great. 

SXJMMAEY 

The reaction to lipiodol retained for long periods in the bronchi is 
the development of lipophages from the supporting connective tis- 
sues. iSfo epithelial reaction occurs. 
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Plate 67 

Fig. I. Coronal section through right lower lobe. An epithelioma is growing 
into the right main bronchus which is dilated. Lobulated masses of lipiodol 
and the pleural reaction may be seen on the cut surface. 

Fig. 2. Roentgenogram of chest i week before death, showing opaque circular 
mass of tumor and presence of lipiodol stiU present in bronchi. 

Fig. 3. The reticulated cells left after dissolving lipiodol from the lung. The 
openness of the cytoplasmic mesh is well shown. Haematoxj'lin and eosin 
stain. X 160. 

Fig. 4. Lipiodol in relation to cells is shown. For the greater part it extends 
in masses over several cell areas but at A it is present as droplets in a 
macrophage. Sudan III and haenaatoxj'lin stain, x 400. 

Fig. 5. The edges of tv/o lipiodol masses. Sudan III and baematoxylin stain. 
X 40- 

Fig. 6. Section of pleural reaction tissue. Stained with baematoxylin and Van 
Gieson. The reticulation of collagen fibres is shown, although these do not 
stain with eosin. Macrophages and capillaries are also evident, x 160 . 



American Journal of Pathology. Vol. XI 


Plate 67 













INFARCTION OF THE LIVER * 


IsADOEE J. Pass, M.D. 

{From the Department of Pathology, University of Minnesota, Minneapolis, Minn.) 

True infarcts of the liver are so unco mm on and the mechanism of 
their production is, for the most part, so poorly understood that a 
complete description of 2 additional cases of infarction of the liver 
seems warranted. Winternitz in 3500 autopsies at Johns Hopkins 
Hospital did not encounter a single case, Chiari saw 2 cases in 21 
years, and many pathologists of wide experience have never seen a 
case. In a series of about 23,000 autopsies at the University of Min- 
nesota there are but 2 cases. 

The infrequency of infarction of the liver intrigued early patholo- 
gists. Von Recklinghausen suggested that the double blood supply 
of the hver was in some way responsible. Following bim a number of 
authors such as Rattone and Mondino, Osier, and Leusden, on the 
basis of both pathological and anatomical findings and experiments, 
declared that simultaneous occlusion of both the hepatic artery and 
the portal vein was necessary to produce true infarction of the liver. 
This view gained such a firm foothold that it has not been shaken, 
despite the evidence to the contrary which has accumulated in the 
past 40 or more years. 

The first insight into the true mechanism of infarction of the liver 
came as a result of the work of the early experimental physiologists. 
Simon de Metz in 1828 hgated the hepatic arteries in pigeons. He 
noted that there was no disturbance of the secretion of bile after 
cutting off the arterial supply of the hver, but he said nothing of ne- 
crosis of the hver. In 1857 Kottmeier hgated the hepatic arteries of 
frogs and rabbits. In frogs there resulted fatty degeneration of the 
hver; in rabbits he foimd hght yellow, soft areas scattered through 
the parench3ana of the hver. However, he maintained that these 
areas of softening were not necessarily produced by the ligation of 
the hver arteries since he found similar areas in the hver of an animal 
with a normal arterial circulation. 

* Received for publication October ii, 1934. 
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Table I 

Cases of Ligation of the Hepatic Artery (or of its Branches) with Infarction of the Liver 



Cso4 3 




Csos 3 


Cioni, C 1932 M 49 Left hepatic artery Thrombosis follomng gastro- Anemic infarction of left lobe 

enterostomy 
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Betz (1863) in his experiments on dogs came to the conclusion that 
ligation of the common hepatic artery at its origin from the celiac 
was not dangerous. If, however, the artery was tied beyond the 
origin of the pancreaticoduodenal branch, fatty degeneration of the 
liver was present after 48 hours. In 1876 Cohnheim and Litten 
ligated ah the arterial vessels present in the hepatoduodenal liga- 
ments of rabbits. There resulted a total necrosis of the liver. The ty- 
ing of only one branch of the hepatic artery resulted in necrosis of the 
corresponding lobe alone. Following this, Litten (1890), Pick (1890), 
De Dominicis (1891), Hahn and co-workers (1893), Janson (1895), 
Doyon and Dufourt (1898), Dujarier and Castaigne (1899), Ehr- 
hardt (1902), Tischner (1904) and others investigated this problem 
in various animals with widely varying results and even more diverse 
interpretations. 

It remained for von Haberer (1906) to clarify the subject. This in- 
vestigator ligated the hepatic arteries of dogs, cats and rabbits. He 
injected a colored mass into the blood vessels after sacrificmg the ex- 
perimental animals in order to trace the vessels to the liver more 
readily. In this way he was able to establish that in those animals 
that did not die in a short time, the liver received its arterial blood 
from some source other than the hepatic artery. He performed 
several types of ligation: of the common hepatic artery as close to the 
celiac axis as possible, of the main hepatic artery distal to the origin 
of the right gastric, and of the right gastric and the gastroduodenal 
with resection of the arterial system between the ligatures. In a few 
cases tlie animals survived even the last procedure, and in these it 
was possible to demonstrate markedly developed diaphragmatic 
arteries. If the arterial supply was actually cut off, the animal 
promptly died of necrosis of the liver. 

Many workers subsequently reinvestigated this problem in a large 
variety of animals (Bainbridge and Leathes, 1907; NicoUeti, 1910; 
Whipple and Sperry, 1909; Steckelmacher, 1913; Behrend, Radasch 
and Kershner, 1922; Loeffler, 1927; and others). 

Of the recent studies, that of Cameron and Mayes (1930) deserv'Ca 
special mention. These investigators ligated the hepatic arteries of 
rabbits at various sites. They were able to corroborate the finding of 
necrosis of the hver following ligation of the main hepatic trunk. In 
addition they studied microscopically, as well as in gross, the stages 
in the development of the necrosis in the livers of their animals. 
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They were able to demonstrate definite necrosis in about 15 hours. 
The necrosis was usually massive and affected all zones of the liver 
lobules uniformly. A striking feature of their study was the relative 
immunity of the bile ducts and of the other structures within the 
portal canals from the necrotic process. Thrombi, particularly 
within the venous branches, were frequent, but by no means a 
constant finding. 

There is evidence similar in nature to that described in experi- 
mental animals for the pathogenesis of infarction of the liver in man. 
Accidental ligation of the hepatic artery or of one of its branches, 
and purposeful ligation of the artery, chiefly for aneurysms, have 
provided us with a good insight into the importance of the hepatic 
arterial supply for the liver of man, as well as with most of the re- 
corded cases of infarction of the liver. 

I have been able to collect only 42 such cases from the literature. 
That they are more common is indicated in the opinion expressed by 
Behrend (1920) that “some unexplainable deaths following the 
operation of cholecystectomy may be due to ligation of the hepatic 
artery.” 

Kehr in 1903 ligated the main hepatic artery for an aneurysm of 
its right branch. The right border of the liver became necrotic and a 
strip 2 cm. wide ultimately separated. The patient recovered. Beres- 
negowski (1906) reported a case in which Tichow ligated the right 
branch of the hepatic artery during the course of an operation for 
carcinoma of the gaU-bladder. There followed a total necrosis of the 
right half of the liver with death of the patient in 72 hours. Guibe 
and Herrenschmidt (1907), Narath (1909), Wendel (1911), Wihns 
(1912), Kretz (1916), Holst (1920), Ritter (1922), Gerlach (1930), 
Newcomb (1930), Graham and CanneU (1933) and Kerr (1933) re- 
port cases of ligation of the main hepatic artery or of one or more of 
its primary branches during the course of operation, with more or less 
complete infarction of the liver. Descriptions vary from those of 
multiple, anemic, sharply circumscribed areas of necrosis to total 
necrosis of the liver. This seems to prove that interruption of the 
arterial supply to the liver produces infarction. But how are we to 
explain the cases of ligation of the hepatic artery in man with re- 
covery? Palacio (1898), Kehr (1903, 1909, 1913), Bakes (1904), Ales- 
sandri (1908), vonHaberer (1909), Wendel (1911), Friedman (1912), 
Bertram (1913), Anderson (1919), Kading (1919), Ritter (1922), 
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Smith (1921), von Hofmeister (1922), and Shann and Fradkin (1933) 
all have reported cases of ligation of the hepatic artery or of its main 
branches with recovery of the patient. 

On critical examination these cases fall into three groups. The 
first includes the cases of Palacio, Wendel and von Haberer^ who 
ligated one branch of the hepatic artery preparatory to removal of 
the corresponding lobe of the liver. Obviously no necrosis could be 
expected in these cases. The second group comprises cases in which 
the hepatic artery or one of its branches was ligated during the course 
of some operative procedure in the upper abdomen (cholecystec- 
tomy, gastric resection, and so on). Of these the main hepatic ar- 
teries were ligated in only 2 cases (Ritter, 1922, and von Hofmeister, 
1922) , In the others a branch or branches of the hepatic artery were 
hgated. The possibility of anomalous branches could not be ruled 
out in these cases since the patients recovered. The third group in- 
cludes the cases in which the hepatic artery or its branches were 
ligated in the removal of an aneurysm. Of these again only two in- 
volved ligation of the main hepatic artery (Kehr, 1903, and Kading, 
1919). In this group there exists, too, the possibility of anomalous 
hepatic vessels. Moreover, particularly in the aneurysmal group, 
because of the relatively slow obstruction of the hepatic vessels, it is 
probable, as Segall has shown, that a collateral circulation is estab- 
lished especially with the diaphragmatic arteries, but also in part 
with the artery of the ligamentmn teres, the right gastric or gastro- 
duodenal arteries, or with arteries in adhesions between the ab- 
dominal viscera and the liver capsule. Cameron and Mayes (i93°) 
have shown that in the rabbit methylene blue injected into the right 
internal jugular vein stains the liver even after the structures in the 
hepatoduodenal ligament and the hepatic veins are tied off. The col- 
lateral circulation responsible for the staining they conclude “is an 
important factor in maintaining the life of considerable parts of the 
liver after complete obstruction of the hepatic artery.” 

Narath and Ritter, on the basis of their experience with ligation of 
the hepatic artery or of its branches in humans, and Segall upon the 
basis of his studies of injected specimens of human livers, agree that 
the rules of surgical ligation established by von Haberer on expen- 
mental animals are valid for man. 

Narath stated these rules as follows: , , 

(i) The ligation of the main hepatic trunk is permitted providing 
at least one collateral is uninjured. 
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(2) The ligation of the hepatic artery proper before the origin of 
the right gastric artery is permitted if necessary. It may produce 
small areas of liver necrosis. 

(3) The ligation of the hepatic artery proper is not permitted be- 
cause of the great danger of liver necrosis. Exception — peripheral 
aneurysms. 

(4) The ligature of a branch of the hepatic artery is not per- 
mitted, especially in patients with weak hearts. 

We may conclude from these observations that infarction of the 
liver is produced in man by cutting off the arterial supply, just as has 
been amply demonstrated in experimental animals. 

Let us examine now the group of cases in which infarction of the 
liver has occurred spontaneously, leastwise in the absence of any 
operative interference. Omitted from consideration here is the group 
that has been called “pseudoinfarcts.” This includes cases of ne- 
crosis of the liver following injury. In these, as Zimmerman (1930) 
points out, there always exists the possibility that the necrosis of the 
liver cells is the direct result of the trauma. The so-called “atrophic 
red infarcts” which occasionally follow thrombosis of the portal vein 
have also been omitted because these have been shown to be due to 
atrophy and not to true necrosis. Finally, all cases of necrosis caused 
by thrombosis of the portal radicles have been omitted; first, because 
the mechanism of their production is quite different from that of the 
group under consideration; and second because, as Chiari pointed 
out long ago, the microscopic picture resulting from such thrombosis 
is quite different from that following interruption of the hepatic 
arterial supply. 

I have been able to collect from the literature 52 cases that fulfill 
the essential requirements of anemic infarction of the liver. In these 
52 cases the etiological factors may be divided as follows: 


(1) Embolism of hepatic artery. 

(o) subacute bacterial endocarditis 13 

(b) mural thrombus 4 

(c) paradoxical embolism 2 

(d) thrombus in an aneurysm 2 

Total embolic 21 

(2) Periarteritis nodosa of branches of hepatic artery 22 

(3) Thrombosis of hepatic artery (three in aneurysms) 6 

(4) Endarteritis of hepatic artery 2 

(s) H3T3oplasia of hepatic artery i 
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The most common single cause of infarction of the liver, at least 
in the cases reported, is evidently periarteritis nodosa of the branches 
of the hepatic artery. In 170 case reports available, of the approxi- 
mately 200 cases of periarteritis nodosa reported in the literature, 
there were foimd 22 cases of infarction of the liver. 

In a few cases there was a concomitant endophlebitis or throm- 
bosis of the portal vein or of its radicles. These cases would tend to 
support the contention of Rattone and Mondino, Leusden and Osier 
that occlusion of both the hepatic artery and the portal vein was 
required to produce infarction of the liver, were there not many more 
cases reported in which the arterial supply of the liver alone was dis- 
turbed. 

Some authors, notably Wiessner (1917), have assumed that in- 
farction of the liver following occlusion of the hepatic artery occurs 
only after necrosis and thrombosis of the portal venules with cutting 
off of the portal venous flow as well as of the hepatic arterial supply. 
Loeffler (1927) has recently reopened the whole controversy as to the 
relative importance and function of the hepatic arterial and of the 
portal venous supplies to the liver by stating that the hepatic arterial 
blood supplies the bile ducts and the walls of the portal venous 
radicles alone and that necrosis of the liver cells following occlusion 
of the hepatic artery is, therefore, really the sequel to necrosis of the 
bile ducts and of the portal vein. 

However, it has been estimated that 35 per cent of the blood of 
the liver is supplied by the hepatic arteries, whereas the structures 
of Glisson’s capsule constitute at most 10 per cent of the liver sub- 
stance (Pfuhl, 1932). Furthermore, whereas the liver constitutes 
only 3 per cent of the body weight, it receives 5.1 per cent of the 
aortic blood through the hepatic arteries alone. Moreover, experi- 
ments with the Eck fistula have shown that the hepatic artery alone 
can supply the entire demand of the liver. These facts plus the ob- 
servations of Cameron and Mayes of the relative immunity of the 
portal canals in necrosis of the liver following experimental ligation 
of the hepatic artery in animals, render it probable that the hepatic 
arterial blood takes part directly in the supply of the liver lobules. 

That the portal vein plays a relatively minor role in the supply of 
the liver has been appreciated by some for many years. Many work- 
ers have reported accidental finding of completely thrombosed porta 
veins at autopsy, and the experimental wwk, although not altogether 
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unequivocal, nevertheless indicates that ligation of the portal vein in 
experimental animals is usually uneventful. Even simple atrophy of 
the liver or so-called “atrophic red infarcts” follow obstruction of 
the portal vein only when there is a concomitant impairment of the 
arterial circulation, as in a general heart failure. Hence, one would 
not expect the portal venous supply to be a very important factor 
either in the causation or in the prevention of necrosis of the liver. 

Table in 

Cases of Infarction of Liver with Periarteritis Nodosa of Hepatic Branches 


Author Dntc Sex Age Pathologicnl lesions in liver 


jrr. 

ilonckeberg, J. G 1905 M 18 Several brownish, irregular infarcts 

Vers^, M 1907 M 33 Multiple infarcts 

Longcope, W. T 1908 M 35 Multiple infarcts 


Vers6, M 1909 F 19 Multiple anemic infarcts 

Cameron, H. C., and 1918 M 27 A wliite infarct 4x3 cm. in left lobe 


Laidlow, P. P. 

Kroetz, C 1921 M 39 Multiple infarcts 

Marinesco, M. G 1923 M 28 Multiple small areas of necrosis 

Pol 1925 F 23 Anemic infarcts 

Bal6, J 1926 M 23 Recent and old infarcts 

Cbristeller, E 1926 F 29 Numerous anemic infarcts 

Christeller, E 1926 M 31 Anemic infarcts, chiefly subcapsular 


Harbitz, F 1927 M 32 Irregularly distributed areas of necrosis 


Weigeldt, W 1927 M 39 Anemic infarcts 


Blum, K 1929 M 43 Multiple infarcts 

Arkin, A 1930 M 55 Dark red depressed areas consisting of ne- 

crotic liver parenchyma 

Arkin, A 1930 M 50 Numerous, irregular, dark red infarcts 

Arkin, A 1930 M 34 Numerous gray-red infarcts 

Arkin, A 1930 M Liver looks like syphilitic hepar lobatum 

(healed infarcts?) 


Vance, B. M., and 1931 M 21 Multiple wedge-shaped anemic infarcts 


Graham, J. E. 

Jager, E 1933 M 39 Anemic infarcts 


Pass 193s I M 27 Multiple infarcts 


Although we have demonstrated that the process of infarction 
is the same in the liver as in the spleen or kidneys, we have not 
shown why it is so rare in the Ijyer. There are four observations that 
may help account for its rarity. The first is that the arrangement of 
the hepatic arterial supply is such that it renders embolism of the 
liver unusually difficult. The hepatic artery describes an arc of about 
180° in its course to the liver. Askanazy was so impressed with the 
protective property of the peculiar vascular course that, finding a 
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case of embolism of the hepatic artery with infarction of the liver, he 
carefully dissected out the artery and was able to prove that it arose 
in his case from the aorta and passed directly to the hilum of the 
liver. Perhaps similar anomalies might have been found in some of 
the other cases of embolism of the hepatic arteries had careful ex- 
amination of these vessels been made. 

The second fact is that, as we have pointed out above, a collateral 
circulation protects the liver. 

A third is the observation of Chandler (1920), who noted that the 
liver cells of dogs withstood surprisingly weU the temporary anemia 
(3-12 hours) following ligation of both the hepatic artery and the 
portal vein. Even after 12 hours there was no necrosis of liver cells, 
but there was a marked fatty degeneration of the central half of the 
liver lobules. He concluded that “this power of the hepatic cells to 
resist local anemia probably accounts for the infrequency of infarcts 
in the liver.” We must not examine this experiment too critically, 
however, for we are likely to discount its significance on the basis 
of a probable collateral arterial supply. 

The final fact is that, as Cameron and Mayes have shown experi- 
mentally, infarcts of the liver frequently become converted into ab- 
scesses. The pathologist confronted at autopsy with multiple ab- 
scesses of the liver cannot know that these have earlier been infarcts. 

There are a few cases reported which may conceivably represent 
healed infarcts of the liver. These include such cases as that of 
Ledieu who found an aneurysm the size of a hazelnut on the main 
trunk of the hepatic artery. The aneurysmal cavity was occluded by 
a firm clot. The liver showed cirrhosis. The increased fibrous tissue 
in this case might represent scars of healed infarcts (see Cameron 
and Mayes) . Arkin reports a case of healed periarteritis nodosa with 
a small liver resembling a syphilitic hepar lobatmn evidently pro- 
duced by healing of infarcts. Cases of this kind are, however, for the 
most part so difficult to interpret, particularly in the absence of care- 
ful microscopic reports, that I shall dismiss this group without 
further mention. 

Finally I wish to add 2 cases of multiple anemic infarcts of the 
liver. 
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Case Reports 

Case i. The patient, a white male aged 27 years, was admitted to the hos- 
pital on March 8, 1924, complaining of moderate pain in the abdomen, shifting 
in character, pain in the back and legs, and weakness. One month previously 
while helping to lift a heavy log, he had slipped and had had to use all of his 
strength to keep from falling. At that time he experienced a sudden severe pain 
in the abdomen, which confined him to bed. He had found it necessary to stay 
in bed since, because of pain and some vomiting. 

He had never been ill before except for an infection of the left hand in 
November, 1923. There was no liistory of any venereal disease. For the two 
months just preceding his illness he had been working in a logging camp. 

On physical examination his tongue was moderately coated, his teeth 
poor. The heart and lungs were normal. There was some tenderness in the 
epigastrium and in the left lumbar region on deep pressure. The entire ab- 
domen was tympanitic with the exception of the left lumbar region which was 
dull. There seemed to be a slightly increased resistance to pressure in the left 
lumbar region, but the abdomen was otherwise soft. 

Laborator}' examination on March 9 showed: urine — amber color, acid, 
specific gravity 1010, negative for albumin and sugar. The leukocyte count 
on March ii was 30,000. 

The patient vomited several times after admission to the hospital. The ab- 
dominal pain shifted from one side of the abdomen to the other and was so 
severe that it required morphine for relief. 

On hlarch 15, 1924, a laparotomy was performed. Only a small amount of 
dark bloody fluid was obtained, but no lesion could be demonstrated. Drains 
were inserted and the wound was dosed. 

The patient expired on March 26, 1924. His temperature on admission was 
101° F. It varied between 97 and loi during his hospital stay. Clinically it 
was felt that the patient had had an intestinal hemorrhage. 


Autopsy Report 

The body was that of a poorly nourished, adult male. A rather 
recent, almost completely healed surgical incision extending from the 
umbilicus to the symphysis pubis was present. R.igor was present. 
There was no edema, A distinct bluish discoloration was seen over 
the chest and abdomen. 

The omentum was brownish green and was attached by soft ad- 
hesions to the hepatic flexure of the colon. A small white nodule just 
lateral to the hepatic flexure was observed. The posterior abdominal 
wall on the left was pushed forward by a large hematoma. There 
were a number of soft adhesions between the coils of smaU intestine 
and the sigmoid colon, as well as between the transverse colon and 
the liver. 



The spleen contained several white infarcts, varying in size from 
0.5 to I cm. in diameter. 

The stomach contained 200 cc. of thin fluid containing coffee- 
ground-like material. Four ulcers were found on its lesser curvature, 
the largest estimated to be 3.5 by 2 cm. The other ulcers were 5 to 6 
mm. in diameter. In the center of the large ulcer was found an open 
blood vessel. It was about 0.5 mm. in diameter and was opened for a 
length of 2 mm. 

The liver was estimated to weigh 2000 gm. The surface was bluish 
red. It contained numerous, irregularly shaped depressed areas, and 
one light brown, soft area in the dome about 2 cm, in diameter. On 
section the liver showed numerous infarcts of different sizes and 
shapes. One large infarct was red and the vessel supplying this region 
was closed by a small red plug. Most of the other infarcts were white 
but some contained a thick brownish fluid. 

The right pleural sac contained about 100 cc. of dark, thin fluid; 
the left contained no excess of fluid. There were many firm adhesions 
between the lungs and the diaphragm. 

The pericardial lining was smooth and shining. The sac contained 
about 20 cc. of blood-stained fluid. There were numerous nodules 
along the vessels in the heart wall. These were hard, whitish in color 
and were surrounded by small red zones. There was no embolus in 
the pulmonary artery. The heart muscle appeared light red in color; 
that of the left ventricle appeared somewhat thicker than normal. 
The estimated weight of the heart was 400 gm. The mural and val- 
vular endocardium appeared normal. 

On section the lungs showed a slight edema but were otherwise 
normal. 

The kidney capsules stripped easily. Numerous yellowish spots 
were scattered over the surfaces of both kidneys. On section the 
right kidney showed numerous infarcts, most of which were white. 
Some showed reddish zones about the necrotic centers. The left 
kidney was surrounded by a very large hematoma extending from 
the diaphragm to the pelvic brim and from the lateral abdominal 
wall over the midline. This hematoma was entirely within the kid- 
ney capsule. On the anterior surface of this kidney was a perfora- 
tion in the cortex measuring about 5 mm. in diameter which led into 
a small blood-filled cavity in the cortex. Numerous white infarcts 
were present in this kidney. 
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The aorta was smooth throughout its length. The adrenals were 
not examined. 

Anatomical Diagnoses: Periarteritis nodosa; multiple infarcts of 
kidneys, spleen, liver and stomach wall; hemorrhage from left 
kidney; hemorrhage from ulcer of stomach. 

Microscopic Examination 

Microscopic examination of the kidneys, liver, heart, intestines 
and spleen reveals a marked involvement of the small arteries. These 
vessels aU show infiltration of the adventitia with polymorphonu- 
clear leukocytes and small lymphocytes. There is a marked hyaline 
degeneration of the media and a slight proliferation of the inthna. 
Thrombi are present in many of the larger arteries of the kidneys, 
spleen and liver. A few of the vessels involved, particularly in the 
spleen and heart, show a marked fibrous proliferation in both the in- 
tima and media, and to a lesser degree in the adventitia. In the intes- 
tines many areas of necrosis of the mucosa and submucosa can be 
seen related to the thrombosed vessels. The spleen, kidney and liver 
aU show areas of infarction. In the liver there is complete necrosis of 
all the tissue elements in the infarcted areas (Fig. 4). These repre- 
sent true, so-called anemic infarcts of the liver. 

Case 2. The patient, a white male, aged 24 years, was evidently well until 
about November, 1933, when he had an attack of what was called “influenza.’’ 
He never quite recovered from this attack. He felt weak and began to lose 
weight. 

In February, 1934, a gastro-intestinal barium study disclosed a stenosing 
lesion at the p3doric end of the stomach, evidently carcinoma. He then devel- 
oped some jaundice and began to have occult blood in the stools. The hemo- 
globin feU to 18 per cent. Transfusion was performed and the hemoglobin rose 
to 40 per cent, at which level it stayed to the end, despite constant slight bleed- 
ing into the bowel. He developed severe abdominal pains and attacks of vomit- 
ing, both of which were controlled to some degree by pantopon. The blood 
pressure was 130/80. The heart was normal, the lungs were clear. The liver 
seemed enlarged and irregular. The spleen was not palpable. There was con- 
stantly moderate to marked distention of the abdomen. The patient was put 
on a liquid diet but terminally could retain nothing taken by mouth but Vichy 
water. 

During the last 2^- weeks of life he ran an elevated temperature, up to 
101.5° F. The chest remained dear. The jaundice became progressively more 
intense. 

The urine upon one occasion showed a specific gravity of 1024, add reaction, 
trace of albumin, negative sugar, occasional red and white cells, 4 plus bilirubin, 
but no urobilinogen. The stools constantly showed 4 plus occult blood but were 
never frankly tarry. The patient evidently died of inanition. 
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Autopsy Report 

The body was well developed but extremely emaciated. No edema 
or cyanosis; jaundice Grade 4 of the skin and mucous membranes. A 
hard nodular mass could be palpated in the epigastrium, extending 
down to within 3 cm. of the umbilicus in the midline; it was evidently 
not the liver. The autopsy was limited to the abdomen. 

About 2000 cc. of clear bile-stained fluid was present in the peri- 
toneal cavity. The nodular mass proved to be a large tumor attached 
to the greater curvature of the stomach at its pyloric end. The liver 
was at the rib margin. The appendix was normal. The diaphragm 
was at the fourth interspace on each side. 

The spleen weighed 300 gm. There were several infarcts about i 
cm. in diameter situated just under the capsule. The spleen was con- 
gested and was somewhat firmer than normal. 

The liver weighed about 1500 gm. It was deep olive green in color 
and its surface was slightly nodular. On section the elevations 
proved to be small yeUo^vish areas, which were found to be infarcts 
(Fig. i). Greenish, clear bile flowed from the surface of the liver. 
The gall-bladder, the cystic duct and both hepatic ducts were much 
dilated. The common bile duct and the hepatic artery were com- 
pressed to the point of complete closure by a mass of tumor continu- 
ous with that in the stomach (Fig. 2). The anterior wall of the portal 
vein was infiltrated mth tiunor but its lumen was patent. 

The rugae of the stomach were hypertrophied and the stomach 
was coated with a layer of fresh blood. At the pyloric end was an 
ulcer 6 cm. in diameter with a necrotic base and with hard elevated 
borders. The tumor had penetrated the stomach wall and had infil- 
trated the head of the pancreas as well as the lesser omentum. It had 
grown dovm along the common bile duct and around the ampulla of 
Vater, which measured i by 0.5 cm. and protruded into the lumen 
of the duodenum (Fig. 3). The rest of the gastro-intestinal tract was 
normal. 

The pancreas was extensively infiltrated by tumor. The parts not 
involved were firm and fibrous. 

The right kidney weighed 125 gm., the left 150 gm. On section 
they were bile-stained but otherwise normal. The urinary bladder 
and genital organs were normal. 
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The aorta was normal. There was a large mass of periaortic lymph 
nodes, the individual nodes varying from i to 2 cm. in diameter. 

The head was not examined. 

Anatomkal Diagnoses: Carcinoma of the pyloric end of the stomach 
with metastases to the pancreas, periaortic lymph nodes and lesser 
omentum; obstruction of the common bile duct and hepatic artery; 
ascites; severe inanition; jaundice; multiple infarcts of the liver and 
spleen. 


Microscopic Examination 

Microscopically the tumor of the stomach proves to be a scirrhous 
carcinoma. The liver shows multiple areas of infarction. These each 
include from one to several liver lobules. In these areas there is a 
complete necrosis of the blood vessels and of the connective tissue 
septa as well as of the liver cords (Fig. 4) . No evidence of a predilec- 
tion for any particular zone of the liver lobule can be observed. Oc- 
casional portal venules both within and at the periphery of necrotic 
areas are thrombosed. The necrotic areas merge gradually at their 
peripheries with the normal liver tissue. The infarcted areas are sur- 
rounded by a few polymorphonuclear and mononuclear cells, but on 
the whole there is very little cellular reaction to the dead tissue. The 
peripheral parts of the infarcts are bile-stained. The rest of the liver 
tissue shows slight atrophy of the liver cords and marked stasis of 
bile, particularly in the form of bile thrombi. 

Because of the unexplained infarcts of the spleen we must admit 
that, although the occlusion of the hepatic artery seems sufficient to 
account for the infarction of the liver, a mural thrombus may have 
been present or a subterminal endocarditis which cast off emboli pro- 
ducing the infarcts in the liver as well as in the spleen. However, be- 
cause of the lack of embolic phenomena elsewhere and because of the 
large number of infarcts in the liver we are inclined to discount this 
possibility. 


Summary 

A review of the literature of infarction of the liver with a report 
of 2 additional cases is given. 
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Fig. I. Case 2. Gross appearance of the infarcts of the liver. 

Fig. 2. Case 2. Section through the free margin of the lesser omentiun. The 
arrow points to the hepatic arteiy surrounded and compressed by a large 
mass of tumor tissue. 

Fig. 3. Case 2. Gross appearance of the carcinoma of the pyloric end of the 
stomach. 

Fig, 4. Case 2, Low power view of an infarct of the h'vcr. Note the nearly 
complete disintegration of the portal canals as well as of the liver cords in 
the infarcted area. Similar lesions were abundant in Case i. 
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PRIMARY ADENOCARCINOMA OF THE PANCREAS IN A FIFTEEN 

YEAR OLD BOY* 

Paul A. Mlelcarek, M.D. 

{From the Laboratory of Pathology, St. Vincent’s Charity Hospital, CUvdand, Ohio) 

Review of the Literature 

Primary carcinoma of the pancreas in children is rare. Extensive 
search of the literature revealed the report of relatively few authen- 
tic cases. Of those that have been found some were unproved and 
others were doubtful cases. Inadequate description, incomplete 
postmortem examinations, use of vague equivocal terms such as 
“cancer-like induration,” absence of microscopic study and confus- 
ing case histories make the analysis of these cases difScult. The 
proved reported cases of primary carcinoma of the pancreas in per- 
sons under 20 years of age in the literature are 5 in number. 

Case i. Bohn,^ 1885, ^ 7 months old female infant. The tumor 
arose in the head of the pancreas with metastases to surround- 
ing lymph nodes and liver. Cytological examination revealed a 
typical carcinoma simplex. 

Case 2. Kuhn,^ 1887, a- 2 year old girl. The head of the pancreas 
was involved by tumor, as were the neighboring lymph nodes, 
liver and lungs. Microscopically the tumor was an adenoid cy- 
lindrical cell carcinoma. 

Case 3. Simon,® 1889, a- 13 yea.r old boy. The tumor was “two- 
fist” sized, involving the head of the pancreas and infiltrating 
through the mucosa of the duodenum. The tail of the pancreas 
was relatively uninvolved. The bile ducts were compressed by 
the tumor with dilatation above. Metastases to liver, surround- 
ing lymph nodes and kidneys were present. No microscopic 
study was reported. 

Case 4. Kaufmann,^ 1929, a 19 year old girl. The tumor, which was 
the size of a bean, arose in the tail of the pancreas, with numer- 
ous metastatic nodules in the liver (3300 gm.) and carcino- 
matosis of the pulmonary l5miphatics. Microscopically this 
was a carcinoma sohdum with medium sized cells. 

* Received for publication October 22, 1934. 
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Case 5. Stout and Todd/ 1932, a 4 year old boy. The bead of the 
pancreas was enlarged and increased in density. The tumor was 
about 5 cm. in diameter, unencapsulated. It encroached upon 
but did not involve the duodenum. The neighboring lymph 
nodes and the liver showed metastases. Microscopically the 
tumor was an adenocarcinoma, probably arising from the ductal 
epithelium. 

Schamoni,*^ in 1924, mentioned a case of carcinoma of the pancreas 
in a 16 year old boy. The case was not reported as such but was listed 
in a statistical study of malignant tumors before and after the World 
War. No description was given. 

Gruber ^ and Merkel ® cited von Sotow’s ° case in a year old 
child, but despite extensive efforts the original case report could not 
be obtained. 

In 1915 Stewart and Stewart reported a carcinoma of the tail of 
the pancreas in a 9 year old boy. An autopsy, limited to the surgical 
incision only, was permitted and the data submitted do not allow 
conclusions as to whether this was a primary or secondary tumor of 
the pancreas, 

Philipp cited cases by Todd, Battersby, Hofmann and von Roki- 
tansky as doubtful, because of inadequate description and because 
they dated back to times when knowledge of the diseases of the pan- 
creas was unsatisfactory. 

In 1818 Todd reported a case of a 14 year old girl who com- 
plained of severe upper abdominal pain, with icterus, emaciation 
and edema of the lower extremities. At autopsy the pancreas was 
“scirrhous” and the head and surrounding tissues formed a hard 
solid mass which entirely obliterated the lumen of the distal end of 
the common bile duct. The proximal portion of the duct formed a 
huge dilated sac extending from the porta hepatis to the os sacrum. 
The gall-bladder was not dilated because of a kinking of the cystic 
duct. No mention was made of metastases, Battersby’s ” case in a 
14 3'-ear old girl was found to be a reference to Todd’s case. 

In 1866 Hofmann reported a case in an 8 months old premature 
infant who lived only a half hour. The placenta was grossly normal. 
The pancreas was very hard and nodular. The mesenteric lymph 
nodes were enlarged and nodules were present in the liver. Profc.'^sor 
Wedl called this a carcinoma arising in the pancreas. Hovrever, the 
mother had had numerous stillborn children from no apparent 
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cause. This case was considered doubtful because of the history of 
probable syphilis and the lack of microscopic confirmation. 

In 1842 von Rokitansky mentioned a case of cancerous infil- 
tration of the entire pancreas of a newborn infant, reported by Berg 
during his stay at von Rokitansky’s clinic. 

Gruber cited Dutil as having reported a case in 1888 in a 14 
year old child, but examination of the original reference revealed the 
patient to be a 47 year old coach driver. 

Oser and Rauschmann attributed a case of primary carcinoma 
of the pancreas in a 13 year old boy to Bandolier in 1896. However, 
the case was identical with the one described by Simon, and no doubt 
was the same case. 

Williams stated Israel ^ reported a case in a 13 year old child 
but this was a carcinoma of the kidney. 

Claessen mentioned a case report by Harder of a 14 year old girl 
in whom the pancreas was found to be of scirrhous hardness and, in 
the region of the liver, to be of fist-size or larger. On sectioning the 
pancreas, purulent material flowed out. Abscesses were present 
in the right lung. Claessen and Wolff “ thought this case to be ex- 
tremely doubtful. 

Rauschmann cited a case by Cruveilhier in a stillborn male 
infant and Williams listed Amozan ^ as reporting a “so-called con- 
genital cancer.” The original articles could not be found. 

A sixth proved case of primary carcinoma of the pancreas in an 
individual under 20 years of age is reported. 

Report of Case 

Clinical History: J. S., a boy, 15 years of age, of American parentage, was 
adnaitted to the medical service of Cleveland City Hospital, Nov. 4, 1930, com- 
plaining of icterus, increasing lassitude and loss of weight. The present illness 
dated back 5 or 6 months and began with general malaise. During this time he 
had had numerous attacks of “summer complaint,” in which he had had con- 
siderable gas and sour, bitter eructations. The jaundice, first noted 3 months 
prior to adnussion, had cleared up under a physician’s care and frequent doses 
of c^tor oil, but had reappeared in 2 to 3 weeks without much change in sub- 
jective feeling. Pruritis had been mild. Fatty and sweet foods had been ex- 
cluded from his diet. He had noticed a few light-colored stools, and the urine 
had been unusually dark. The patient had lost 15 or 20 pounds in the last 3 
months. 

Physical Examination: The patient was well developed, well nourished, intel- 
ligent and cooperative. The skin and sderae were markedly icteric; the tonsils 
were subacutely inflamed. Heart and lungs presented no abnormality. The 
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liver was slightly tender and enlarged. Other than a phimosis no additional 
abnormal physical finding was noted. 

Laboratory Studies: A persistent uribilinuria and an icteric index ranging from 
38 to 60 was revealed. The red blood count was 4,810,000 and the hemoglobin 
was 92 per cent Sahli. The white blood coimt fluctuated between 14,000 and 
22,000. Differential count revealed an eosinophilia which varied from 21 to 
7 per cent. The red blood cells showed an increased fragility to h>'potonic saline 
solutions. The clotting time was 15 minutes by Sabarze’s method, as con- 
trasted to 3 to 4 minutes as normal for that method. The bleeding time was 5^ 
to 6 minutes, the normal being i to 3 minutes. The stools contained no bile 
pigment and no parasites or ova. The blood sugar was 86 mg. per 100 cc. 

The temperature fluctuated between 37° and 39° C. The respirations varied 
between 15 and 24 per minute, the pulse betwen 58 and 120 beats per minute. 

Course of Illness: On entrj'’ a diagnosis of acute catarrhal jaundice was made 
but the lack of improvement and persistent eosinophilia suggested intestinal 
parasitism with obstruction of the common bile duct. An exploratory laparatomy 
was advised but refused by the parents. The patient was discharged on re- 
lease, Dec. 27, 1930. 

He felt a trifle better and was up and about for 4 weeks until he experienced 
pain in the region of the fiver. This increased in intensity and a severe colicky 
pain developed in the right upper quadrant with radiation to the back. After 2 
weeks in bed he was up and about again but had tenderness and cramps in the 
upper abdomen. He lost weight progressively and his general condition became 
worse. The icterus deepened. The patient gradually became weaker and more 
lethargic until he lapsed into semicoma and was admitted on the surgical 
service of St. Vincent’s Charity Hospital on March 23, 1931. 

On admission physical examination revealed marked emaciation, icterus and 
a tender enlarged fiver. No masses were palpable in the abdomen. The patient 
was semicomatose and apparently moribund. That night, intractable hemor- 
rhage from the left nostril developed and, despite all treatment, persisted until 
the patient died, 14 hours after admission. 

Autopsy Report 

Autopsy was performed 2 hours after death. The abdominal 
cavity contained about 100 cc. of dark, amber-colored fluid. The 
liver was markedly enlarged. A hard, irregular, rounded nodular 
mass about 7 cm. in diameter was present in the head of the pan- 
creas and presented a mottled red, blue and yellowish white color. 
On section the mass showed a variegated, coarsely trabeculated cut 
surface. The tumor was granular, yellow to yellowish white in color, 
vrith irregular hemorrhagic discolorations of brownish red. About 
the periphery were numerous, enlarged firm lymph nodes, whicli on 
section showed the same yellow and %vhite, granular, highly cellular 
cut surfaces. The rest of the pancreas was definitely atrophic, firm 
in consistence, with marked increase of interlobar connective tissue 
stroma. The pancreatic duct wms moderately dilated. 
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The gall-bladder was greatly distended, as was the entire biliary 
tract. No bile could be expressed into the duodenum except after 
cutting through the tumor mass and freeing the common bile duct. 
On opening the duct system the dilatation was found to start i cm. 
from the ampulla of Vater and to extend into the intrahepatic ducts. 
The biliary obstruction was caused by compression of the common 
bile duct by the tumor mass, which did not extend into the wall of 
the duct or the duodenum. The liver weighed 3800 gm. and was dif- 
fusely and symmetrically enlarged. Numerous, rounded, yellowish 
white nodules characterized the capsular and cut surfaces, and the 
intervening hepatic tissue was a mottled green and brown color. The 
lobules were abnormally prominent and the perilobular stroma was 
increased in amount. No metastases other than to the liver and 
neighboring lymph nodes were foimd. 

Microscopic Examination 

Microscopic sections through the pancreatic tumor exhibit irregu- 
lar masses and interlacing cords of cells with a sh’ght tendency to 
form acini. These are circumscribed by dense, hyahnized connective 
tissue. Areas of necrosis and extensive hemorrhage are prominent. 
Instances of tumor invasion of veins are numerous. The cells vary 
considerably in size and in form, from cylindrical to spindle shape. 
The cytoplasm is acidophilic. The nuclei are large, vesicular and 
situated in the lower portion of the cylindrical cells. Nucleoli are 
prominent. Numerous normal and a few abnormal mitotic figures are 
seen. Sections through the rest of the pancreas reveal a marked in- 
crease in inter- and intralobular connective tissue, atrophy of the 
acinous parenchyma and remarkable preservation of the islets of 
Langerhans. The secretory acini show great variation from closely 
packed, highly cellular, normal appearing to small, irregular, deeply 
staining, widely separated acini. Some of the latter show a close re- 
semblance to the tumor tissue. 

Sections of the liver reveal early obstructive biliary cirrhosis, with 
increase of stroma, deposition and phagocytosis of bile pigment, dila- 
tation of sinusoids and bile ducts and an apparent increase in num- 
ber of periportal bile canaliculi. The tumor metastases show cell 
groups which tend to assume rounded and rosette-like shapes, for 
the most part without lumens. Some of the periportal lymphatics 
and veins contain tumor masses. 
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The rest of the organs show nothing striking, other than hemor- 
rhage into the nasopharynx, tracheobronchial tree and pelvis of the 
right kidney. There is a marked, acute pulmonary distention. 

The immediate cause of death was asphyxia from hemorrhage into 
the tracheobronchial tree. 


SUMMAEY 

1 . The literature on primary carcinoma of the pancreas in individ- 
uals under 20 years of age is reviewed critically, 

2. Five proved, reported cases of primary carcinoma of the pan- 
creas in subjects under 20 years of age were foimd. 

3. A sixth case, that of an adenocarcinoma of the pancreas in a 15 
year old boy, is reported. The symptomatology and course of the 
disease were typical of carcinoma of the head of the pancreas ivith 
bUiary obstruction. Death was due to asphyxia from hemorrhage 
into the tracheobronchial tree. 

4. Two other references to primary carcinoma of the pancreas in 
children were found. One was unobtainable and the other merely 
cited a case without giving details, 

5. Five other case reports of primary carcinoma of the pancreas in 
children were foimd, analyzed and listed as doubtful cases. 

Note: I am indebted to Dr. H. T, Karsner for many helpful sug- 
gestions and criticisms, and to Dr. Paul Gross, pathologist at St. 
Vincent’s Charity Hospital, for aid in the preparation of this paper. 
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BASOPHILIC DEGENERATION OF HEART MUSCLE* 


Maria E. Haumeder, M,D. 

{From the Section on Pathologic Anatomy, The Mayo Clinic, Rochester, Mhm!) 

In 1910, Hewitt,^ as a result of a study in the Department of Pa- 
thology of the University of Minnesota, published a paper entitled, 
“A. Peculiar Degeneration Found in Heart Muscle Cells.” Therein he 
described the lesion as “a small, round, oval, or irregular pale blue 
area inside of a single muscle ceU.” He continued, “With high power 
these degenerations show a slight bluish mottling, somewhat irregu- 
larly defined. . . . They sometimes occupy only a portion of the cell, 
at other times almost the whole of the cell is filled with blue staining 
material, but always enough of the cell remains to show that it is a 
heart-muscle ceU.” As far as the literature has been reviewed, 
there is no other reference to this t)^e of lesion. 

My investigation is based on a study of routinely obtained sections 
of the heart derived from 320 consecutive postmortem examina- 
tions. Blocks of tissue were taken from the septum and both ven- 
tricles of each heart that was studied; these were hardened in Orth’s 
fixative and embedded in paraffin. The sections were then stained in 
the routine manner with hematoxylin and eosin, and in addition 
with various other stains which will be discussed later. 

The lesion described by Hewitt was found in 107, or 33.43 per cent 
of the 320 hearts examined. The areas of degeneration were of 
microscopic size. It is my impression that the degeneration passes 
through several phases. With the hematoxylin and eosin stain, the 
degenerated portions were seen as basophilic patches which generally 
occupied the centers of the muscle bundles and frequently included 
the well preserved, often hypertrophied, nucleus. They always were 
of well defined limits and at the periphery of each was a zone of 
normal muscle tissue. No tissue reaction could be seen in the degen- 
erated areas. In the immediate neighborhood, and even in the con- 
tinuation of the involved muscle bundle, the normal structure was 
preserved. No gross change in the heart muscle could be observed. 

In the early stage of the process these degenerated areas stained 
a rather dark blue, were fairly dense, finely granular, occasionally 

* Received for publication October 26, 1934. 
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clumped, and sometimes included fragments of muscle fibers (Fig. 
i). As the process advanced these areas stained a lighter blue and 
what was apparently vacuolization appeared (Figs. 2 and 3). In 
very advanced stages there was left only a fine network of basophilic, 
intertwining fibers, which included small tissue spaces (Figs. 4 and 5), 
In this stage the lesion was rather indistinct. If the lesion were very 
small, or if the heart muscle were cut transversely, the areas were 
difficult to find; otherwise they were easily distinguished. They 
might be scattered diffusely throughout the tissue and only a few 
could be found, and at other times they might be numerous. 

The most frequent single site of the lesion (Table I) was the sep- 
tum. Closely following this in frequency was the left ventricle; the 
right ventricle showed fewer lesions. Of the cases in which the lesion 
was fotmd in more than one site, those in which the septum and left 
ventricle were involved were the most numerous. It is interesting 
to note that the lesion was foimd only five times in the right ven- 
tricle alone, and was foimd in combination in the right ventricle and 
septum only twice. 

There was no significant difference in incidence as to sex. Of the 
320 hearts, 204 were from males and 116 from females. The regions 
of degeneration were found in 70 hearts of males and in 37 hearts 
of females, or in a total of 107 of the entire 320 hearts. 

Considering the incidence of the lesion, it is astonishing that only 
the preliminary report by Hewitt has been found in the entire litera- 
ture, as far as it has been reviewed. Hewitt presented 2 cases of 
basophilic degeneration of the heart muscle which he had found in 
routine examination of sections of heart. The number of hearts he 
examined is not given, but his study covered 6 months. In my series 
of cases basophilic degeneration was found in about a third of the 
hearts examined routinely. 

Hewitt stated that this peculiar degeneration occurred where there 
w'as marked proliferation of connective tissue and where there was 
evidence of pressure atrophy. In hearts I examined it occurred also 
wffiere there ivas no proliferation of connective tissue, and tlic cells 
appeared slightly h}qDertrophied. Occurrence of the degeneration in 
areas of fibrous degeneration within myocardial scars was rather 
infrequent. In infarcted hearts basophilic degeneration was not 
seen in the muscular remnants within the fibrous tissue but ivas 
frequently found some distance away. 
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In order to ascertain the nature of the lesion several differentiating 
stains were used. With fat stain (scharlach R) the areas showed 
evidence of affinity for the basic component of the stain and ap- 
peared a darker grayish blue than the surrounding tissue. In sections 
stained for iron noticeable changes in the involved areas were not re- 
vealed. With Van Gieson’s stain there were no special differentiating 
characteristics. With the Mallory-Heidenhain method the areas of 
degeneration showed some affinity for aniline blue, but stained a 
much lighter blue than the connective tissue. With the Mayer car- 
mine method the areas stained distinctly light red, indicating the 


Table I 

Situation of Lesion 


Location 

Cases 

Septum only 

32 

27 

c 

Left ventricle only 

Right ventricle only 

Septum and left ventricle 

33 

1 2 

Septum and right ventricle 

Septum and right and left ventricles 

6 

Left ventricle and right ventricle 

8 

Total .... 

11 ^ 



presence of some kind of mucin or of a substance related to mucin. 
Hewitt, however, stated that these areas did not take any character- 


istic stain for mucin. With Best’s carmine method the areas of baso- 
philic degeneration stained bright red and were readily distinguished 
from the bluish gray of the surrounding tissue. It must be kept in 
mind that the substance in these areas may be related to glycogen, in 
spite of the fact that the blocks were kept in form alin . It is worth 
mentioning that a similarity in staining reaction for mucin and gly- 
cogen exists in the areas of basophilic degeneration of the heart and 
in the corpora amylacea of the various organs. The presence of cal- 
cium in these areas has been excluded by the acid test. With the 
Orlandi silver stain the involved areas appeared very pale and gave 
evidence of some liquefaction. There was no argentophilic reaction 
to this stain. 

To quote Hewitt, who used iodine in the form of compound solu- 
tion of iodine (Lugol’s solution), “these areas, when so stained and 
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examined under water, appear of a terra cotta pink, somewhat 
mottled.” Although I carried out the procedures exactly as he de- 
scribed them, I could not obtain this reaction with the materials 
available to me. Hewitt further described, in sections stained with 
toluidin blue and thionin, “large granulated cells which often are 
especially abimdant about the blood vessels . . . and which are 
thought to be the same as described by Lustgarten as the parasite of 

Table IT 


Anatomical Diagnoses of Cases in which Basophilic Degeneration wasfonni at 
Postmortem Examination of the Heart 


Diagnosis 

Hearts 

ciamined 

Basophilic 

degeneration 

found 

Malignancy 

81 

37 

Heart disease ; 

52 

20 

21 

Cholecystitis with cholelithiasis 

9 

Castro-intestinal ulcers 

16 ! 

6 

Pneumonia 

16 i 

9 

Peritonitis 

IS 

21 

5 

Brain tumor 

4 

Syphilis 

9 

7 

4 

Gcnito-urinary infection 

4 

Ulcerative colitis 

5 

2 

Empyema of thorax 

3 

2 

Acaite pancx’eatitis 

I 

I 

Electrocution 

I 

I 

Drowning 

I 

z 

Toxemia from burning 

I 

I 





syphilis.” This cellular reaction has apparently no local connection 
with the areas of basophilic degeneration. The presence of these 
large granulated cells could not be confirmed in any of my specimens, 
some of which were derived from patients whose condition was diag- 
nosed as syphilis. Of Hewitt’s 2 reported cases, i was an example of 
tertiary syphilis, and the other was a case of acute serofibnnous 
peritonitis with abscesses in the liver and mesentery. 

In Table II is shown the frequency of occurrence of basophilic de- 
generation in my cases, together with the primary pathological diag- 
nosis. The lesion v/as found most frequently in cases of malignancy 
and heart disease. It was also found in many cases of infection anc 
inflammation, as well as in a single case each of electrocution, drovm- 
ing, and toxemia from bums. Because of the multiplicity of conf 1 
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tions with which basophilic degeneration has been found to be asso- 
ciated, it would be difficult to give any one disease entity as the 
etiological agent. 

From Table III it may be seen that the lesion occurs frequently 
among subjects who have passed the age of 30 years and most fre- 
quently among those who are between the ages of 40 and 80 years. 
Malignancy and a diseased condition of the heart, in association with 

Table III 


Age Incidence 




BasophiUc degeneration found 

Decade of life 

1 examined 

! 

Number 

Per cent 

yrs . 

o-io 

1 

1 

i 27 

0 


10-20 

' 8 

I 

12.50 

20-30 

17 

I 

5.88 

30-40 

40 

9 

22.50 

40-50 

43 

16 

37.20 

50-60 

70 

29 

41.42 

60-70 

73 

31 

42.46 

70-80 

39 

19 

48.70 

80-90 

3 

1 

33-33 

Total 

320 

1 

107 ! 

33-43 


which the lesion was most frequently seen (Table II) , generally afflict 
persons who are 40 to 80 years of age; thus, age seems to be an im- 
portant, although probably not the only, factor concerned. The 
factor of toxemia cannot be ignored. 

Hewitt quoted Mallory as follows: “The nature of this degenera- 
tion is of a hyaline change allied to hydropic degeneration with the 
presence of some mucin.” In an article by Rademaker,^ which deals 
with lesions caused by sarcosporidia in the heart muscle, there is a 
photomicrograph of a stage of the lesion which resembles slightly the 
picture of the early stage of basophilic degeneration. The change pic- 
tured by Rademaker, however, does not correspond in staining reac- 
tion to the areas imder consideration. No sign or manifestation of 
parasites could be observed in the great number of sections studied. 
Because of the strict localization of the lesions, the possibility has to 
be considered that they are of parasitic origin, but since parasites 
were not foimd this possibility does not seem to me to be tenable. 
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Summary and Conclusions 

A peculiar lesion of the heart muscle is described under the term 
“basophilic degeneration.” One subject, in whose heart the lesion 
was found, had died as early as the 17th year of life, but most of 
the hearts were from subjects who had died between the ages of 40 
and 80 years. 

The most frequent sites of the lesion were the septum, the left 
ventricle, and a combination of the septum and the left ventricle. 

Staining reactions showed that the areas contained mucin as well 
as a component related to glycogen. 

It seems probable that toxemia played some part in the etiology 
of this lesion. 

Hematoxylin and eosin was the most valuable stain, because it 
clearly differentiated the areas of basophilic degeneration. 
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DESCRIPTION OF PLATE 
Plate 69 

Fig. I. Transverse section. The area of degeneration is fairly large, granular, 
and stains bluish purple. The nucleus is well preserved. Hematoxylin 
and eosin. x 700. 

Fig. 2. Area of basophilic degeneration in a more advanced stage than is shoiv-n 
in Fig. I. The periphery' of the muscle cell is intact. Hematoxylin an( 
eosin. x 200. 

Fig. 3. Higher magnification of a portion of the section shown in Fig- 2. X 55°- 

Fig. 4. A fairly' well advanced stage of basophilic degeneration. Fibers which 
stained pale blue are seen surrounding remnants of muscle fibers. X 200, 

Fig. 5. Higher power of a portion of the section shown in Fig. 4- 
appears distinctly' vacuolated, x 550. 
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ADENO-ACANTHOMA OF THE PYLORUS* 


Joseph G. Pasternack, M.D. 

(From the National Institute of Health, Washington, D.C.) 

Adeno-acanthoma of the pylorus is practically unknown and yet 
carcinoma of the stomach is a very common condition, 6o per cent 
of all gastric carcinomas originating in the pyloric region (Ewing, ^ 
and Kaufmann ^). Thousands of cases have been carefully studied, 
so that there has been no dearth of material in which to observe the 
incidence of squamous ceU carcinoma in the pylorus. But 3 cases 
of adeno-acanthoma of the pylorus are recorded in the literature, 
namely, those of Lubarsch ^ in 1906, Herxheimer ^ in 1907, who first 
suggested the designation adeno-acanthoma’’ for mixed epider- 
moid and glandular pyloric carcinomas, and Oberling and Wolf in 
1927. 

Lubarsch® reported an adenocarcinoma of the pylorus which had 
metastasized to the regional Ijmiph nodes. In these metastases he 
found numerous foci of squamous cell tumor. On reexamination of 
the primary tumor in the pylorus he discovered a single area show- 
ing typical comifying prickle cell epithelioma which looked “pre- 
cisely like cancer of the esophagus.” 

In Herxheimer’s case,^ at operation a tumor the size of a child’s 
fist was found encirchng the pylorus. Mibary nodules studded the 
serous surface and two enlarged Ijmiph nodes were found behind the 
pylorus. The remainder of the stomach was tumor-free. The patient 
died 8 days after operation. At autopsy no metastases or extensions 
were foimd and there was no local recurrence. 

Histologically the tiunor was predominantly an adenocarcinoma. 
A comparatively small part of the tumor was epidermoid in char- 
acter. AU gradations between adenocarcinoma and prickle cell epi- 
thelioma were demonstrable. Pearl body formation was co mm on in 
the epidermoid areas. Epidermoid masses were especially common 
in the submucosa and deeper parts of the tumor down to the serosa. 
The connective tissue between the tumor ceU masses contained a 
moderate number of elastic fibers. Irregular infiltration by round 
ceUs was present throughout the tumor. 

* Received for publication November 10, 1934. 
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The case reported by Oberling and Wolf ® was that of a female, 
67 years of age. Exploratory laparotomy disclosed the parietal peri- 
toneum covered with whitish, often hemorrhagic nodules. The ab- 
dominal viscera were adherent and covered .with disseminated 
nodules. At autopsy the neoplastic process was limited to the ab- 
domen. The abdominal viscera were found to be entirely covered 
with globular masses, reddish to purplish in color and of a gelatinous 
consistence. A huge, hemorrhagic gelatinous mass weighing ii Kg. 
involved the omentum. The stomach was about normal in volume. 
At the level of the pylorus the gelatinous masses in the serosa were in 
direct continuity with a homogeneous, whitish infiltration which 
occupied all layers of the wall and formed an irregular, ulcerated 
elevation on the mucosa. The liver was seeded with semiliquid 
viscous nodules up to the size of a man’s fist. A nodule of similar 
appearance was found in the spleen. 

Histological examination disclosed a mucous adenocarcinoma 
of the stomach which in areas presented an intracystic papillary 
structure lined by clear cells (“analogous with certain renal tumors 
with clear cells”)- In the midst of these glandular elements large 
cylinders of prickle cell epithelium exhibiting large pearl bodies were 
found. The authors remarked that the picture was strikingly like 
cutaneous epithelioma. Adenocarcinoma and epidermoid carcinoma 
were more or less intermingled, but transition forms between cylin- 
drical and squamous elements were not demonstrable in a study of 
many sections. The epidermoid formation was confined to the cen- 
tral portion of the glandular tumor. The extragastric tumor was a 
mucous adenocarcinoma and the metastases were entirely mucoid. 

Report of Case 

Clinical History: * P. M. entered the hospital, on March 9, i934- 
a seaman, aged 48 years, and was bom in Norway. His father and mother 
were living and well at the age of 70 years. Three brothers and five sisters were 
living and well. The patient was the oldest child. , 

liis chief complaint on entering the hospital was pain in the abdomen and 
vomiting. Prior to Christmas of 1933, his health had been good. At that time 
his appetite gradually became poor, he was troubled with constipation, belc - 
ing and epigastric discomfort. About the same time he began vomiting van- 
able amounts of “coffee-ground” material on an average of every 3 or 4 da>s, 

* The clinical and operative summaries were prepared by Drs. Teufel and ^ an 
.Acliercn of the U. S. Marine Hospital at Seattle, Washington. 
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and often had black, tarry looking stools. He grew progressively weaker and 
lost about 20 pounds in weight up to the date of admission. He also became 
paler than formerly. 

Laboratory Data: The blood Wassermann examination was negative, the 
blood count was 3,300,000 on March 12th, and 3,070,000 on March 21st. The 
hemoglobin ran 65 to 70 per cent and the stools repeatedly showed occult blood 
4 plus. X-ray examination indicated a carcinoma of the pylorus with almost 
total pyloric obstruction. 

Operation: The patient was transfused on March 30th and operated upon on 
April 2nd. A tumor of the pylorus about 8 cm. in diameter was found. It was 
not adherent. During the operation, when the stomach was bisected, the large 
opening gave ample opportunity to examine the proximal end both by in- 
spection and by palpation. There was no evidence of carcinoma. There were 
no evident metastases in other viscera and enlarged lymph nodes were not 
found. The tumor was so well confined to the pyloric portion of the stomach 
that after partial gastrectomy the surgeon felt hopeful of recovery. 

After the operation the patient gradually gained weight and strength and 
the wound healed. Early in May he complained of pain in the operative scar. 
Palpation suggested a mass in the epigastrium to the right of the scar. On May 
1 2th S3miptoms of obstruction supervened. The patient was kept under a pal- 
liative regimen, but continued to grow worse and died on July nth. 

Surgical Specimen: The formalin-fixed specimen represented the 
pyloric portion of the stomach and a short segment of the duodenum. 
The outward appearance was that of a more or less smooth, bulging 
mass showing fibrous thickening of the covering surface. Dissection 
of the specimen disclosed two small lymph nodes along the posterior 
inferior surface. A section through the most prominent portion of 
the mass revealed an ulcerated, vegetating, more or less cornifying 
structure protruding into the lumen. The growth gradually tapered 
off all aroimd into a hard, leathery mucosa, the normal markings of 
which were ironed out for variable distances before merging with the 
normally folded and furrowed mucosa. The tumor measured 9 by 6 
by 4 cm. The cut surface presented a mosaic of whitish and yellow- 
ish, roughly rounded and angular, solid, sharply demarcated masses 
up to 16 mm. in longest diameter, varying from white to golden 
yellow in color. These infiltrated through to the serosal surface. 
Near the distal end of the pylorus they were readily discernible in 
the submucosa, blended for some distance with the mucosa and 
stood in sharp contrast to the thick muscularis below, which in this 
portion appeared intact in gross. 
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Autopsy Report 

The autopsy disclosed massive local extension of the neoplastic 
process centering from the line of the anastomosis. This mass was 
adherent to the abdominal wall, the pancreas and the celiac vessels. 
The omentum was included. The portion of jejunum which had 
been anastomosed to the stomach was infiltrated for a distance of 
about 2 inches by a hard leathery growth, which apparently com- 
pletely encircled it. There were no distant metastases. 

Careful dissection of the formalin-fixed specimen disclosed the 
following. The pars abdominalis of the esophagus, and the cardia of 
the stomach appeared normal. Below this level the stomach wall 
showed progressive thickening and more or less suppression of the 
mucosal plication progressing downward to complete obliteration. 
In the line of the gastrectomy scar and in the vicinity of the anas- 
tomosis the wall reached a thickness of ii mm. and was so indurated 
that it cut like cartilage. Here the gastric surface looked and felt Hke 
alligator skin, while the sectioned wall presented a ligamentous ap- 
pearance, The left adrenal gland and a large piece of the body of 
the pancreas were firmly adherent to the fibrosed gastric serosa. 
Several medium sized, sclerosed arteries traversed this entangled 
mass. 


Histological Examination 

Most of the material studied was impregnated for 48 hours in 
2-| per cent potassium bichromate after formalin fixation. In all, 
thirty-nine blocks were taken from different areas of the surgical 
specimen and thirty-tw'o from the autopsy material. A number of 
43 by 70 mm. paraffin sections were made in order to afford every 
opportunity for observing transitional and other notev.'orthy 
changes. The sections were stained with Weigert’s iron chloride 
hematoxylin and Van Gieson’s picro-fuchsin, Mayer’s acid hemalum 
and eosin, a modification of the Romanowsky stain for the demon- 
stration of intercellular bridges. Gram’s stain for keratohyaline 
granules, toluidin blue for mucin, and Weigert’s resordn-fucbsin for 
elastic fibrils. 

The tumor removed at operation is predoininantly epidermoid 
carcinoma. The mass that protruded into the lumen is the counter- 
part of a cornifying papillary and infiltrating prickle cell epithelioma 
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of the skin. The normal architecture of the pyloric wall is entirely 
obliterated by solid, bulky, angular, lobular and elongated masses 
of squamous epithelium. Keratohyaline granules, cytoplasmic hya- 
linization, and comification in all stages are readily demonstrable. 
Here and there are seen cysts filled with exfoliated squames. The 
nuclei are large, round and hyperdhromatic and show more or less 
variation in size and density from area to area. Mitoses are numer- 
ous. Scattered mono- and multinucleated, squamous, epithelial 
tumor giant cells are encountered alone, and in epithelial islands, 
some reaching a diameter of 1 20/z. Squamous tumor extends through 
to the serosa. The stroma is scanty, fibroblastic in character and 
shows small foci of infiltration by lymphocytes. Ramifying elastic 
fibers are fairly numerous. The intragastric surface shows stretches 
of ulceration and granulation and heavy deposits of bacteria. It is 
interesting to note that the epithelium bordering the ulcers is dis- 
tinctly anaplastic in character and disposed in branching strands 
which fray out into the stroma. 

Most of the sections show only epidermoid carcinoma. A few sec- 
tions show sporadically disposed solitary glands and small collec- 
tions of glands lined by medium and tall columnar epithelium with 
disorderly arranged hyperchromatic nuclei and goblet formation. 
Within some glands a few swollen signet ring cells are embedded in 
mucus. 

Sections taken near the margins of the bulky mass show increasing 
numbers of glandular structures, a partly glandular mucosa, and 
some persistent landmarks of the gastric waU. 

In passing from normal to indurated stomach wall there are seen 
successively glandular hypertrophy, marked vascular engorgement, 
mucous hypersecretion, accentuation of the stroma, and heavy infil- 
trations of lymphocytes. Occasionally the glands form mucous cysts. 
Here and there the lymphoid follicles are greatly enlarged, the sub- 
mucosa shows a heavy overgrowth of connective tissue and the mus- 
cularis also shows ramif5dng strands of fibrous tissue. The glands 
become more and more elongated, and apparently normal glands 
penetrate here and there through the muscularis mucosa and sub- 
mucosa. Abruptly, the mucosa and penetrating glands present an 
atypical and hyperchromatic appearance and all layers of the stom- 
ach are irregularly infiltrated by orderly and disorderly glands of 
variable size and shape, lined by medium and high columnar hyper- 



546 


PASTERNACK 


chromatic epithelium showing mucus formation and mucous (ysts. 
Scattered intracystic papillary proliferations are found and in these 
areas the glandular epithelium becomes distinctly of the clear cell 
type. Copious collections of swollen, mucus-filled signet ring cells 
are encoimtered lying loose in the stroma and within glands. Nerves 
are commonly infiltrated by tumor tissue, occasionally to the point 
of obhteration. Tumor thrombi are numerous in the submucosal and 
subserosal vessels. They are invariably of the cylindrical or mucous 
signet ring cell type. Stretches of hemorrhage and necrosis are en- 
countered throughout the glandular portion of the tumor. 

Sections from some indurated areas, in the vicinity of the major 
tumor mass, show a chronic productive and suppurating process in- 
volving the submucosa and muscularis. The mucosal and infiltrat- 
ing glands appear more anaplastic and the lining epithelium is fre- 
quently stratified. Here and there the columnar epithelium becomes 
cubical and flattened, roughly polygonal cells are seen superimposed 
upon or interpolated between the cylindrical cells. Elsewhere por- 
tions of glands forming mucus show proliferation of pavement epi- 
thelium into the lumen, and in some glands the cylindrical epi- 
thelium continues insensibly into the peripheral columnar layer of 
a squamous patch. Plugs of cornifying epithehum are not uncom- 
monly seen in otherwise well formed mucous glands. In some glands 
the epithelium shows a progressive heaping up of pavement cells, 
producing tubules fined partly by squamous epithelium and partly 
by mucus-forming cylindrical epithefiiun. Here and there stretches 
of the mucosa show patches of superficially hyperkeratotic, sharply 
papillary, stratified squamous epithelimn grading insensibly into the 
surrounding adenocarcinomatous mucosa. Other portions of the 
mucosa show abrupt transitions from adenocarcinoma to epider- 
moid carcinoma. Sporadic neoplastic glands remain in the stroma 
of epidermoid areas. 

The transitional phases of adenocarcinoma to squamous cara- 
noma are found in but two sections; however, they are so striking 
and picturesque as to defy misinterpretation. 

The neoplastic process of the gastric mucosa stops abruptly at the 
junction of pylorus with duodenum, although the submucosa and 
outer layers of the duodenum are heavily infiltrated by intermingled 
adenocarcinoma and epidermoid carcinoma. 

The two small Ijmph nodes dissected out from the surgical spea- 
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men show the sinuses crowded with typical and disorderly mucous 
glands (adenocarcinoma) . 

The autopsy material shows that the esophagus and cardia were 
entirely normal. Below this level, but outside of the area of leathery 
induration, a low grade chronic productive inflammatory process 
prevails. This changes abruptly into a diffusely infiltrating adeno- 
carcinoma at the margin where the gastric mucosal pattern becomes 
obliterated. The indurated mass proper represents a compact, 
diffusely infiltrating adenocarcinoma showing all the stigmata of a 
rapidly proliferating carcinoma. The subserosal infiltrations formed 
mucin in abundance and tumor thrombi in this zone are very 
common. 

While the involved portion of the stomach remaining after partial 
gastrectomy shows predominantly adenocarcinoma, an occasional 
focus of epidermoid carcinoma occurs in the line of the old scar, 
appearing independent of the glandular carcinoma. 

The omentum, the lymph nodes and a small piece of pancreas 
are infiltrated only by adenocarcinoma. The adrenal gland is in- 
volved in scar tissue but not by tumor. 

Discussion 

Squamous cell carcinoma at the gastro-esophageal junction and 
in the adjacent stomach is not particularly uncommon, but primary 
squamous cell carcinoma of the cardia is infrequent and difficult to 
establish as primary there. Squamous ceU carcinomas of the stom- 
ach usually represent metastases, extensions or implantations from 
the tongue or from the esophagus. In these cases there is frequently 
a history of difficulty in swallowing of short duration, rapidly pro- 
ceeding to esophageal obstruction. 

Occasionally the body of the stomach is so extensively involved 
that the infiltration of the cardiac orifice entirely escapes notice and 
there is every appearance of a tumor arising in the stomach rather 
than in the esophagus or at the gastro-esophageal junction. Kauf- 
mann’s case, recorded by Herxheimer,^ presented a large cancerous 
growth of the posterior wall of the stomach, composed of comif5dng 
squamous epithelium that extended to the esophageal junction. In 
this case a traumatic ulcer of the cardia was epithelialized from the 
esophagus and gave rise to the neoplasm. The tumor in Boyden’s ^ 
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case was apparently in the stomach rather than in the esophagus, 
but it was so high up in the stomach that it completely surrounded 
the cardiac orifice and in one or two areas had grown along beneath 
the submucosa beyond the sphincter, so that there was a small 
amount of tumor actually above the cardia. The gross appearance 
suggested stomach but the histology was more in favor of esophageal 
origin. The case reported by Vinson and Broders ' falls into the 
above category. 

At this point attention is invited to a finding which was reported 
by Prof. C. Toldt ® as long ago as 1880, and which has apparently 
been overlooked by present-day writers, although it is mentioned 
by von KoUiker.® In some children between the ages of i and 4 years 
he found islands of stratified pavement epithelium between the 
cardiac glands of the stomach beyond the lower end of the esoph- 
agus. This has been rediscovered any number of times and new 
interpretations attached to it. Weidman reported a typical case 
in a 5 day old infant d)dng of acute gastritis, under the title of 
“Heteroplastic Esophageal Mucosa in Stomach.” He, too, remarks 
that these islets of epithelium are not at all uncommon in the 
stomach. Of course the normal occurrence of islets of stratified 
squamous epithelium in the gastric cardia can be invoked as a 
source of squamous ceU carcinoma in that location. But no such 
islets have been observed in the pylorus. 

It is indeed coincidental that the case now reported combined all 
the features noted by Herxheimer,'* and by Oberling and Wolf," and 
in addition the major tumor was predominantly an epidermoid car- 
cinoma, whereas in the 3 previously reported cases the epidermoid 
carcinoma was only a minor portion of the tumor or an accidental 
finding. 

Histogeneiic Remarks: Heterotopic squamous epithelium has never 
been observed in the pylorus. There is no basis for assuming its 
presence there. The histological picture clearly shows all stages in 
the transformation of cylindrical epithelium to the squamous type. 
Herxheimer made the same observation in the tumor reported by 
him. He, however, was reluctant to ascribe this change to metaplasia 
alone. He assumes that the change of the cell type does not take 
place until neoplastic cell growth begins, and then only in cells that 
arc embryologically predisposed thereto. 

Various hypotheses have been advanced to explain metaplasia 
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in such tumors. It would be only speculation to assume a presump- 
tive cause in this case, whether it be inflammatory, regenerative or 
neoplastic. 

Note: I wish to express my indebtedness to Drs. W. C. Teufel, 
G. C. Lake and J. F. Van Ackeren of the United States Public 
Health Service for the privilege of stud)dng and reporting this case, 
and to Major V. H. Cornell, Curator of the Army Medical Museum, 
for the photographs. 


Summary 

A case of cornifying epidermoid carcinoma occurring with an ade- 
nocarcinoma of the pylorus in which definite transitions from glan- 
dular to epidermoid carcinoma were present is reported. 

The tumor removed at operation was predominantly epidermoid 
in character, confined to the pylorus and no metastases or other 
tumor foci were demonstrable. 

At autopsy the esophagus and cardia were normal, the tumor in 
the vicinity of the gastric resection was predominantly adenocar- 
cinomatous and the omentum, lymph nodes and pancreas were in- 
filtrated only by adenocarcinoma. 
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DESCRIPTION OF PLATES 
Plate 70 

Fig. I. Thickened fold of pyloric mucosa showing abrupt change to epider- 
moid carcinoma. (Army Medical Museum Acc, 44510.) x 10. 

Fig. 2. Transition of glandular to squamous cell carcinoma. (Army Medical 
Museum Acc. 44510.) x 200. 
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Plate 71 

Fig. 3. Cornih'ing surface of epidermoid carcinoma projecting into the lumen 
of the pylorus, (Army Medical Museum Acc. 44510.) x 60. 

Fig. 4. Pearl body formation, (Army Medical Museum Acc. 44510.) x 60, 
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ERYTHROBLASTOSIS * 


REPORT OP A CASE PRESENTING AN ERYTHROBLASTIC TUMOR 
IN THE THORACIC CAVITY 

George W. Covey, M.D. 

/ {Lincoln, Nebraska) 

Erythroblastosis is a condition in which an early fetal type of 
blood formation is maintained until term. The disease is character- 
ized by a marked and progressive anemia, a blood picture showing 
great increase in nucleated red cells, a tendency to bleed from various 
mucous surfaces or organs, and not infrequently by fetal hydrops 
or icterus gravis neonatorum. Kleinschmidt ^ believes the stage of 
hematopoiesis in these infants corresponds to that of the fetus of 3 
to 5 months. That this name is descriptive only of one of a group of 
closely related conditions is obvious from a review of the literature. 
When both the erythroblastic and myeloblastic series are repre- 
sented in the blood smears and histological preparations of the tis- 
sues it has been called erythroleukoblastosis, and when only the 
granulocytic series is present the term fetal leukemia has been used. 
There is more than conjecture to indicate that these conditions are 
different manifestations of an identical disease of the fetus. 

In numerous instances these conditions have been found in asso- 
ciation with two other pathological conditions of the fetus, congenital 
hydrops and icterus gravis neonatorum. Erythroblastosis has been 
seen without icterus gravis or hydrops but I have not been able to 
fin d a report of a case of congenital hydrops or icterus gravis without 
erythroblastosis, except those in which the examination of the fetus 
was not sufficiently complete to rule out its presence. One is led to 
assume that congenital hydrops and icterus gravis are conditions 
that frequently develop as a result of the blood dyscrasias known as 
erythroblastosis, erythroleukoblastosis and fetal leukemia. ' 

As an example of this association I refer to a recent article by Fer- 
guson ^ reporting 6 cases of erythroblastosis, all of which were care- 

* Read before the Omaha-Douglas County Medical Society, Omaha, Nebraska, 
May 29, 1934. 

Received for publication November 20, 1934. 
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fully studied. Three of the 6 showed icterus, 2 marked generalized 
edema, and i neither jaundice nor edema. 

The clinical features of the disease are as follows. The fetus dies 
shortly before birth, during birth, or the newborn infant lives but a 
short time; icterus, generalized edema, and bleeding from some 
mucous menjbrane, into the spinal cord, into the meninges, or from 
the kidneys have been most often observed; those that have hydrops 
are usually born dead or survive but a very short time. Anemia is 
marked and progressive; the nucleated cells may exceed 100,000 per 
cmm., the majority of them being immature erythroblasts or leu- 
koblasts (Wanstrom’s case showed 123,700, of which 49 per cent were 
nucleated red cells). If the infant survives for a time it is likely to 
have repeated abrupt attacks of cyanosis, in the last of which it dies. 

The gross findings at autopsy may be Hsted as follows. There may 
be jaundice, congenital hydrops or marked anemia, enlargement of 
the liver and spleen, hypertrophy of the heart, and hemorrhages, par- 
ticularly into the meninges. White nodules have been noted in the 
kidney and Plant and Bullard ^ observed abnormal smaUness of the 
thymus. The placenta and cord show marked enlargement and in- 
crease in weight. Those having congenital hydrops show, in addition 
to the above, generalized edema, fluid in aU the cavities, particularly 
ascites, and omental “cysts.” The cases of icterus gravis have bile- 
staining of the brain and are hkely to be covered at birth by a golden 
yellow vemix caseosa. 

Histologically there is extensive embryonic hematopoiesis in the 
liver, spleen, pancreas, thymus, lymph nodes, adrenals, kidney, thy- 
roid, and so on. No organ or tissue in which mesodermal tissues exist 
seems to be exempt. The bone marrow always shows active hemato- 
poiesis. “Bile casts” in the liver are frequently mentioned by Fer- 
guson ^ as typical findings and lipoidosis of the reticulo-endothelial 
cells of the liver is noted by Wanstrom.'^ 

Discussion of the etiology of this group of apparently related con- 
ditions is out of place in this paper and at best could only restate a 
number of h3q)Otheses. It may be permissible, however, to call at- 
tention to certain physiological facts concerning the fetus and to 
certain analogies with adult conditions. 

A polycythemia in the newborn is practically a constant normal 
finding and is presumed to be a response to an oxygen-poor condition 
in fetal life. Goldbloom and Gottlieb have shown that every new- 
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bom infant has in its blood a large number of immature red cells, 
either nucleated or reticulated. A reduction in number of red blood 
cells takes place rapidly the first 24 hours after birth and is down to 
normal at about i week. Coincident with this the immature red cells 
disappear from the blood stream. During the time they are disap- 
pearing an increase in bilirubin takes place in the plasma, leading to 
visible or concealed jaundice — icterus neonatorum. 

These authors show further that if the blood cells of the newborn 
infant are kept in a test tube, either in contact with the infant’s 
plasma or with physiological sodium chloride solution, an analogous 
hemolysis takes place and the cells wliich vanish are, hkewise, the 
immature fomis. 

There is then, apparently, a fetal mechanism designed for a defi- 
nite physiological purpose, which bears certain resemblances to ery- 
throblastosis and which, if exaggerated or maintained until term, 
may become an erythroblastosis. 

Extramedullary resumption of blood formation has been seen to 
occur in several conditions. In a number of instances blood-form- 
ing tumors in adult life have been described, usually located in the 
retroperitoneal tissues. 

In 1933 Jaffe ® pointed out the probable relation of polycythemia 
vera to the leukemias. One must assume from his work that the ex- 
cessive production of red cells in erythremia is analogous to that of 
the white cells in leukemia, especially of the myelocytic type. Fur- 
thermore, he offers proof that all cases of leukemia show unusual 
erythropoiesis in the bone marrow. 

We have, of course, seen the so-called leukemic infiltrations in 
various organs in the course of this disease and accept the present in- 
terpretation that these “infiltrations” are areas in which blood for- 
mation from primitive mesenchymal tissue, analogous to that seen in 
the fetus, has been resumed. 

It seems to me that the analogy between erythremia and leukemia 
in the adult and the erythroblastosis and leukoblastosis in the fetus 
is highly suggestive that the fetal conditions indicated by the various 
terms erythroblastosis, erythroleukoblastosis and fetal leukemia are 
identical and are fetal expressions of erythremia and leukemia. Pos- 
sibly the terms fetal leukemia and fetal erythremia should be used 
and we should qualify the suitable term with such phrases as, “with 
hydrops fetalis,” “with icterus gravis neonatorum,” and so on. 



554 


COVEY 


The following report is of an unusual case in that in addition to the 
evident erythroblastosis there was a blood-forming tumor present in 
the left thoracic cavity of a newborn infant, I have not found such a 
condition reported. 


Report op Case 

Clinical History: Baby boy V., hospital No. 8357, Bryan Memorial Hos- 
pital. This baby was the third child of healthy parents. The first two children 
are living and well. They had no imusual jaundice or edema at birth. The 
mother had no signs of toxemia and was delivered normally at full term. The 
only abnormality noted during delivery was an unusually large placenta and 
cord. These were not weighed. 

When about 12 hours old the infant began to have attacks of dyspnea, each 
of which subsided in a short time. At 32 hours he suddenly became deeply cya- 
notic. The cyanosis soon disappeared and was replaced by marked pallor. Ihe 
infant was brought to the hospital when 36 hours old on March 12, 1933. 

Examination upon admission showed weight 7 pounds and temperature 101° 
F, The left half of the chest was smaller than the right, was dull on percussion 
and no breath sounds were audible over it. The baby held its legs flexed on the 
thighs and thighs flexed on the abdomen. He had continuous priapism. There 
was a little oozing of blood from the cord, which stopped on retying. A pro- 
visional diagnosis of pxilmonary atelectasis was made. 

The baby was placed in a Drinker respirator for 12 hours and seemed to 
improve. When taken out, high pitched breath sounds could be heard over the 
left lung, the temperature was normal and his color good. 

The hips were X-rayed and found to be normal, though the unusual position 
of the lower extremities persisted and it was very difficult to pull the legs and 
thighs down to normal posture. Evidently spasticity was present. The priapism 
was not constantly present after the first few days in the hospital. 

No blood examination was made but the urine was examined and found nor- 
mal. No bleeding from any mucous membrane was observed. 

On the fifth hospital day he developed edema of the extremities and face and 
again showed marked cyanosis. The edema lasted for about 2 days, during 
which he gained from 4 to 6 ounces per day. The edema and cyanosis then 
rapidly disappeared and on the 17th day he was taken home apparently in good 
condition. 

The day after dismissal the baby again became blue, the abdomen greatly 
distended and the rectal temperature rose to 104° F. He was readmitted and 
placed in the respirator. There was increasing cyanosis and he died at 6 p.m, 
on the day of the second admission. 


Abstract of Autopsy Protocol 

The most striking abnormality was a tumor 4.5 by 6 cm. in dia- 
meter and 2 cm, thick, firmly attached to the posterior wall of the 
left pleural cavity and intimately connected vdth the hilum of the 
lung, so that the left main bronchial stem and the pulmonary artery 



ERYTHROBLASTOSIS 


555 


passed through a small portion of the tumor. In removing this tumor 
from the chest wall it was torn and several cc. of a semifluid material 
somewhat resembling pus escaped. 

On examination the tumor (Fig. 6) had an irregular disc shape and 
was covered on the visceral surface by a smooth thin membrane re- 
sembling pleura. The color of this surface was reddish blue, resem- 
bling that of spleen. The surface attached to the chest wall and that 
portion connected with the hilum were tom, irregular and ragged. 
There was a central necrotic area from which the pus-like material 
had escaped. The tissue surrounding this cavity and composing the 
greater part of the mass was of unusual consistence and mottled in 
color from gray through the reds to brown. 

The left lung was considerably smaller than the right and com- 
posed of two lobes. The lung was air-containing throughout but dark 
red and moist on the cut surface. There were a number of small, sub- 
pleural hemorrhages. 

The organs were not weighed. The spleen and liver were recorded 
as about normal in size. The liver was rather meaty and deep red. 
The spleen was dark red on the cut surface. 

Other significant abnormalities noted were a rather marked edema 
of the omentum so that it seemed distended with fluid, and an en- 
largement of the testicles, apparently due to edema. 

An examination of the central nervous system was not permitted. 
The spasticity of the legs and the priapism suggested a lesion of the 
cord or of the cerebrum, perhaps hemorrhage or infiltration, and it is 
to be regretted that we could not examine them at autopsy. 


Histological Examination 

The material studied consisted of sections of heart, lung, spleen, 
liver, suprarenal gland, kidney and the thoracic tumor. Sections of 
these tissues were stained with hematoxylin and eosin. In addition, 
sections of the tumor were stained with Wright’s stain, Castroviejo’s 
modification of Van Gieson’s stain, Bielschowsky, hematoxylin and 
eosin-azur II, and the azocarmine modification of Mallory’s collagen 
stain. The unusual findings are limited to the liver, suprarenal 
gland, spleen and the tumor. 

Liver: The normal hver structures are well formed and well pre- 
served. Scattered throughout the section, but somewhat more pro- 
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fusely near the capsule, are irregular islands of foreign cells. These 
cells are in groups, having from a very few to many cells per group. 
A nest of cells may lie isolated or many groups may be seen in a 
limited area (Fig. i). They lie in the sinusoids, which are distended 
by them. 

The cells themselves (Fig. 3) are much smaller than the liver cells, 
roughly spherical, though when crowded they may be somewhat fusi- 
form. The nuclei are hyperchromatic with a distinct nuclear mem- 
brane. They usually show a single nucleolus. The chromatin is scat- 
tered in masses and thread-like pieces. The cytoplasm is relatively 
narrow, has a faintly granular appearance and is somewhat baso- 
philic. When these cells are crowded together closely they give 
the impression of being a S3mcytial mass but, at the periphery, cell 
outlines can be distinguished. 

While the type of cell just described predominates, one can find all 
stages of erythroblast formation. One may observe gradual as- 
sumption of hemoglobin with resulting polychromatophilia, gradual 
shrinking and condensation of the nucleus, mitotic figures, and 
finally mature erythrocytes. 

Much less easily found in the liver are the various stages of granu- 
locyte development, but it is possible to identify myeloblasts and 
various types of myelocytes. No megakaryocytes are seen. 

It seems certain that the islands of young cells are hematopoietic 
in character and essentially erythropoietic. The young cells corre- 
spond in every way to those described and illustrated by Maximow ® 
as proerythroblasts and by Jaffe ® as erythrogonia. 

Suprarenal Gland: In the suprarenal gland, in the inner border of 
the zona reticularis, a few similar hematopoietic foci are found 
(Fig. 2). 

Spleen: Erythroblastic activity is present in the spleen and the 
whole series from the proerythroblast to the erythrocyte can be 
traced. There is not, however, such distinct formation of hemato- 
poietic islands as seen in the liver and suprarenal gland, and it seems 
that here the process is less evident than in any of the other organs 
described. 

Tumor: The tumor is surrounded by a capsule of loose connective 
tissue and covered on the free surface by a mesoendothelium. From 
the capsule numerous septa of loose connective tissue project into 
the mass at approximately right angles. These septa split and re- 
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unite in such a way as to divide the tumor into numerous alveolus- 
like spaces. These spaces vary greatly in size and are filled with cells 
(Fig. 4), the character of which will be described and illustrated 
below. There is no reticulum within the alveolus-like spaces and the 
few definite blood vessels present are in the septa and capsule. 

Attention is first directed to the septa. They are composed of loose 
connective tissue, the ground work of which is homogeneous, con- 
tains but few fibrils and in many instances none. In this ground sub- 
stance are seen nuclei var3dng from elongated, bluntly fusiform to 
roughly spherical in shape. These nuclei are rather vesicular and 
have a sparse, loosely arranged chromatin network. 

At the ends of these septa, along their margins and within them, 
certain changes are seen to take place, these changes being identical 
wherever they occur. They are more easily traced when they occur 
within the septum and are as follows. The nuclei, described above as 
elongated and bluntly fusiform with loose chromatin arrangement, 
become rounded and the chromatin more dense. Whenever this hap- 
pens there is an accumulation of several nuclei, the ground substance 
liquefies and a space is formed in which the cells containing these 
nuclei are seen to lie (Fig. 5). At this stage these nuclei resemble 
those described in the liver as erythrogonia or proerythroblasts (com- 
pare Figs. 3 and 5) and are surroimded by a narrow field of baso- 
philic cytoplasm like those in the liver. The space in which they lie 
is not lined by endothelium. 

As a result of these changes the margins of the septa are lined with, 
and the spaces within them are filled with, cells similar to the proery- 
throblasts of the liver and they develop from the cells of the primi- 
tive mesenchyme-like tissue of the septa. As one leaves the septa and 
examines the cells within the alveolus-like space between them all 
stages of development of the erythrocyte are seen. The mature red 
cells are as a rule most numerous near the central part of the alveo- 
lus. 

Myeloblasts, myelocytes and mature granulocytes are less numer- 
ous than in the liver, though occasionally a small area can be found 
in which they are present. One cell closely resembling a megakaryo- 
cyte was found. 

It is my belief that the process described in the fiver, in the spleen, 
in the suprarenal gland and in the tumor is almost pure erythroblas- 
tic activity, and that the tumor is an erythroblastoma. 
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Unfortunately, bone marrow, pancreas, thymus and central nerv- 
ous system were not represented among the tissues preserved at 
autopsy. 


Stimmaiiy 

A brief review of the pertinent literature is given , with special 
reference to the relation between erythroblastosis, erythroleukoblas- 
tosis and fetal leukemia. 

Attention is drawn to the fetal mechanism apparently designed to 
meet oxygen-poor conditions of intrauterine life, an erythremia with 
a large number of immature red blood cells, and to their rapid reduc- 
tion in number immediately following birth. 

The possible analogy is pointed out between erythroblastosis and 
fetal leukemia on the one hand, and adult polycythemia vera and 
leukemia on the other. 

The probable role of fetal hydrops and icterus gravis neonatorum 
as complications of erythroblastosis and fetal leukemia is stressed. 

Finally, a case of erythroblastosis in a newborn infant having an 
erythroblastoma in the left pleural cavity is reported with autopsy 
findings and description of the histopathology. 
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DESCRIPTION OF PLATE 


Plate 72 

Fig. I. Liver. Islands of embryonic blood cells lying in the sinusoids of the 
liver are seen as dark masses of varying size and irregular distribution. 

Fig. 2. Suprarenal gland. Islands of embryonic blood cells are seen in the zona 
reticularis. 

Fig. 3. Liver. One of the collections of embryonic blood cells occupies the cen- 
tral portion of the illustration. Most of these cells are proerythroblasts, 
although several normoblasts are present. 

Fig. 4. Thoracic tumor. Note the septa dividing the tumor into irregular, 
alveolus-like spaces which are filled with cells. 

Fig. 5. Thoracic tumor. A nest of proerythroblasts in a space within one of the 
septa. Note the likeness to the cells in Fig. 3. A few normoblasts and in- 
termediate forms may be seen here also. 

Fig. 6. Thoracic tumor. The irregular margin at the left is the portion which 
was attached to the hUum structures of the left lung. 
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ALTERATION IN SERUM BILIRUBIN AND BROMSULPHALEIN 
RETENTION IN RELATION TO MORPHOLOGICAL CHANGES 
IN THE LIVER AND BILE PASSAGES IN CATS WITH 
TOTAL BILIARY STASIS * 

A. Canxarow, M.D., and Hairold L. Stewart, M.D. 

{From the Laboratory of Biochemistry, Jefferson Hospital, the Pathological Laboratories of 
the Jefferson Medical College and Hospital, and the Jefferson Hospital Tumor 

Clinic, Philadelphia, Pa.) 


Experimental obstruction of the common bile duct has been em- 
ployed by a number of investigators for the purpose of studying vari- 
ous problems of hepatic and biliary tract function and the patho- 
genesis and pathological basis of obstructive jaundice. There have 
been comparatively few attempts, however, to correlate changes in 
hepatic function with the morphological changes in the liver at vary- 
ing intervals during total bile stasis in experimental animals. 

The present study consists of determinations of the serum biliru- 
bin concentration and degree of bromsulphalein retention in a series 
of 29 cats with uncomplicated total bile stasis produced by ligation 
of the common duct. Sections of liver were secured practically simul- 
taneously with the chemical observations in most cases, either at 
laparotomy or autopsy. Simultaneous morphological and functional 
data were thus obtained for almost every 24 hour period up to the 
1 6th day following ligation of the common duct. The morphological 
observations were supplemented by those made on a series of 46 cats 
previously described by Stewart and Lieber.^ 

The animals employed were adult cats, maintained on a diet of 
fresh scrap meat and milk. Operation was performed under light 
ether anesthesia, the abdomen being carefuUy prepared by clipping, 
Harrington’s solution and alcohol. The common duct was isolated, 
and in some cases was divided between ligatures, and in others was 
firmly hgated with | inch tape close to the duodenum for the pur- 
pose of subsequent release of obstruction. The gall-bladder was left 
in situ in 10 cases, the remainder being subjected to either cholecys- 
tectomy (14) or cystic duct ligation (i). In 4 additional cases 

* Received for publication November 21, 1934. 
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cholecystectomy or cystic duct ligation had been performed several 
weeks prior to ligation of the common duct. In several instances sec- 
tions of normal liver were taken for purposes of comparison. In ani- 
mals in which serial determinations of bilirubin and bromsulphalein 
retention were made, blood was obtained from the femoral vein. In 
the others, blood was withdrawn by cardiac puncture. Sections of 
liver were obtained either at laparotomy or autopsy. All cases 
that showed evidence of infection (other than a small localized stitch 
abscess) were excluded, as were several in which spontaneous or 
traumatic perforation of the common duct had occurred. In no case 
was there any evidence of reconstruction of the common duct or of 
passage of bile into the duodenum through anomalous ducts. The 
animals were killed by incising the heart under light ether anesthesia. 
A few animals which died spontaneously were discarded if post- 
mortem changes were noted. 

Pieces of liver were fixed in 10 per cent formalin. A portion of the 
fixed tissue was frozen and sectioned and stained for fat; the re- 
mainder was blocked in parafiin, cut and stained with hematoxylin 
and eosin. Serum bilirubin was determined by the method of van 
den Bergh, as modified by Thannhauser and Andersen.^ Bromsul- 
phalein was injected intravenously in the dosage of 2 mg. per kilo- 
gram of body weight, the degree of retention being estimated in 
specimens of blood withdrawn 30 minutes after administration of 
the dye. 

Resume of Lesions Associated with Complete Biliary 
Stasis in the Bile Ducts of Cats 

The bile ducts undergo progressive but irregular dilatation, 
roughly in proportion to their original size. The walls of the ext^- 
hepatic ducts become attenuated and later slightly thickened. White 
bile may form rather rapidly. Proliferation of the smaller ducts is 
noted early, while the mucosa of the larger ducts undergoes enor- 
mous proliferation, particularly after the loth day. By the 21st day 
the majority of the hepatic lobules are surrounded by a collar of 
proliferating small bile ducts. Destruction of these newly formed 
ducts may occur either as a result of distention with hyaline material 
and phagocytic cells or, in the late stages of stasis, as a result of 
the organization of areas of hyaline necrosis. 

Pigmentalion: Bile pigmentation is similar to that observed in 
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other animals but, in general, tends to be less marked and is not al- 
ways proportional to the duration of stasis or the degree of bilirubi- 
nemia. 

Regressive Changes: These are present (i) in the inner portion of 
the lobule, (2) immediately beneath the capsule of the liver, (3) 
sporadically throughout the hepatic parenchyma and (4) about the 
larger bile ducts. The necrotic cells in most situations are being con- 
stantly replaced by regenerated hepatic cells until the terminal 
stages of stasis, when the process of regeneration fails. In the sub- 
capsular zone, however, the degenerative changes tend to remain 
stationary unless complete necrosis supervenes. 

Focal Necrosis: Focal midzonal areas of necrosis are occasionally 
noted at the end of 5 hours, are most numerous between 24 and 48 
hours and then decrease steadily, being entirely absent after the 13 th 
day. The material in the areas of necrosis is cleared away and the 
parenchyma is restored to normal by regeneration of hepatic cells 
and by the ingrowth of liver cords from the surrounding tissue. Or- 
ganization occasionally occurs if there has been a prehmmary exuda- 
tion of fibrin in the necrotic area. 

Hyaline Necrosis: Within the first 24 hours the hepatic cells spo- 
radically throughout the lobules, but especially immediately beneath 
the capsule, undergo a hyaline type of necrosis. The necrotic process 
occurring sporadically throughout the lobules is accompanied by a 
simultaneously developing regenerative process, as a result of which 
the necrotic cells are being constantly replaced by newly formed 
hepatic cells. The subcapsular areas of hyaline necrosis are fre- 
quently overlaid by a fibrinohemorrhagic peritoneal exudate. These 
areas imdergo a characteristic type of repair which differs in several 
essential respects from that mentioned above. After the sth day, in- 
creasing in frequency with prolonged stasis, an acidophilic hyaline 
type of necrosis appears which involves sporadically groups of 6 to 8 
cells and variable portions of single or several lobules in the vicinity 
of portal radicles. These lesions undergo organization and the newly 
formed connective tissue, slowly contracting, pinches off and de- 
stroys the vascular and bihary channels of the neighboring portal 
radicles. The simultaneous progression of these processes of necrosis 
and fibrosis results in an extreme degree of concentric avascular 
fibrosis. Small collections of bile pigment are frequently seen in or 
about these fibrotic areas. 
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Vascular Changes: In the early stages there is usually dilatation of 
the branches of the hepatic and portal veins and of the lymphatic 
vessels in the portal radicles. The sinusoids are usually compressed 
by dilating bile ducts at the periphery of the lobules and may show 
focal or diffuse hyperemia in other areas. The blood vessels may be 
partially or completely occluded by hyaline or fibrinous thrombi, 
which may or may not be associated with focal midzonal areas of 
necrosis. There is a constant increase in the reticulum and connec- 
tive tissue about all the vascular structures, particularly in the portal 
radicles where obliteration eventually occurs as a result of the or- 
ganization of the hyaline necroses. 

Regeneration: Evidences of regeneration are noted within 8 hours. 
These are characterized by budding and fission of the nuclei, leading 
to binucleation and multinucleation and to the formation of large 
hepatic cells vdth hyperchromatic nuclei. By the end of 48 hours, in 
the majority of cases, this type of regeneration gives way to the mi- 
totic division of hepatic cells which predominates from this time on, 
although both processes may contribute to the maintenance of the 
normal hepatic parenchyma which is subject to repeated injury 
throughout the entire course of stasis. Regeneration lags after the 
1 5th day, as evidenced by the more frequent occurrence of regressive 
lesions, which tend to progress, mitotic figures and binuclear cells 
appearing only occasionally. 

Experimental Data 

Since practically no difference was noted in the morphological 
changes in the cholecystectomized and non-cholecystectomized ani- 
mals, these two groups will not be separated in the presentation of 
the pathological lesions. In order to avoid unnecessary repetition, 
the findings characteristic of each day of stasis in the 29 animals in- 
cluded in the present study -viall be outlined and any unusual obser- 
vations will be mentioned in the individual protocols. 

One Day Stasis: Moderate dilatation of the extrahepatic ducts; 
absent to moderate dilatation of the medium sized intrahepatic 
ducts; absent to beginning proliferation of the smaller ducts; no 
thickening of the medium sized ducts; no proliferation of the mucosa 
of the bile ducts; subcapsular hyaline necrosis absent to marked; 
sporadic hyaline necrosis slight to moderate; sporadic nondescript 
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necrosis slight to marked; focal midzonal necroses absent to numer- 
ous; no fibrosis about portal radicles; slight to marked cytoplasmic 
vacuolization; no mitotic figures; pigmentation sfight to moderate; 
occasional sinusoidal thrombosis. 

Cat 130. 6/5/34. Ligation common duct, cholecystectomy. 6/6/34. Serum 
bilirubin 0.32 mg., bromsulphalein, no retention. 

Cat 13 1. 6/6/34. Ligation common duct, cholecystectomy. 6/7/34. 
Serum bilirubin 0.68 mg., bromsulphalein, no retention. 

Cat 132. 6/7/34. Ligation common and cystic ducts. 6/8/34. Serum 
bilirubin 2.04 mg., bromsulphalein 20 per cent. 

Two Day Stasis: Moderate dilatation of extrahepatic ducts; shght 
to moderate dilatation medium sized intrahepatic ducts; slight pro- 
hferation smaller ducts; absent to slight thickening of medium sized 
ducts; slight to moderate prohferation of mucosa of ducts; subcap- 
sular hyaline necrosis absent to stage of repair; sporadic hyaline 
necrosis shght to moderate; sporadic nondescript necrosis slight to 
marked; focal midzonal necroses frequent; beginning fibrosis about 
portal radicles; shght cytoplasmic vacuolization; no mitotic figures; 
shght to marked pigmentation. 

Cat 143. 6/27/34. Ligation cormnon duct, gall-bladder in situ. 6/29/34. 
Serum bilirubin 0.74 mg,, bromsulphalein 35 per cent. Bile in ducts pale green. 

Cat 144. 6/27/34. Ligation common duct, gall-bladder in situ. 6/29/34, 
Serum bilirubin 0.0 mg., bromsulphalein, no retention. 

Cat 147, 7/3/34* Ligation common duct, cholecystectomy. 7/5/34* 

Serum bilirubin 2.4 mg., bromsulphalein 100 per cent. 

Three Day Stasis: Moderate to marked dilatation extrahepatic 
ducts; shght dilatation medium sized intrahepatic ducts; shght pro- 
liferation smaUer ducts; shght thickening medium sized ducts; shght 
prohferation duct mucosa; subcapsular hyaline necrosis present; 
sporadic hyaline necrosis marked; sporadic nondescript necrosis 
marked; focal midzonal necroses absent; shght fibrosis about portal 
radicles; moderate cytoplasmic vacuolization; no mitotic figures; 
pigmentation moderate. 

Cat 83. 12/27/33. Ligation cystic duct. 3/12/34, Ligation common duct, 
cholecystectomy, 3/13/34. Serum bilirubin 0.84 mg., bromsulphalein 20 per 
cent. 3/14/34* Serum bilirubin 0.80 mg., bromsulphalein 45 per cent. 3/15/34* 
Serum bilirubin 0,76 mg., bromsulphalein 80 per cent. 

Cat 88. 1/4/34. Ligation cystic duct. 3/5/34. Ligation common duct. 
3/6/34. Serum bilirubin 0.3 5 mg., bromsulphalein 40 per cent. 3/ 7/ 34* Serum 
bilirubin 0.92 mg., bromsulphalein 40 per cent, 3/8/34. Senun bilirubin. 
1.4 mg., bromsulphalein 100 per cent. 



566 


CANTAROW AND STEWART 


Four Day Stasis: Moderate to marked dilatation extrahepatic 
ducts; moderate dilatation medium sized intrahepatic ducts; moder- 
ate thickening medium sized ducts; moderate proliferation duct 
mucosa; subcapsular hyaline necroses imdergoing repair; sporadic 
hyaline necrosis marked; sporadic nondescript necrosis marked; 
focal midzonal necroses absent; beginning fibrosis about portal 
radicles; slight cytoplasmic vacuolization; no mitotic figures; slight 
pigmentation. 

Cat 87. 1/4/34. Ligation cystic duct. 3/5/34. Ligation common duct. 
3/6/34. Serum bilirubin 0.61 mg., bromsulphalein 100 per cent. 3/7/34. 
Serum bilirubin 1.12 mg., bromsulphalein 100 per cent. 3/9/34. Serum bili- 
rubin 2.16 mg., bromsulphalein 100 per cent. 

Six Day Stasis: Marked dilatation extrahepatic ducts; moderate 
to marked dilatation medium sized intrahepatic ducts; moderate to 
marked proliferation smaller ducts; moderate thickening medium 
sized ducts; moderate to marked proliferation duct mucosa; late 
stages of repair of subcapsular hyaline necrosis; sporadic hyaline 
necrosis slight to marked; sporadic nondescript necrosis slight to 
marked; focal midzonal necroses absent to slight; slight to moderate 
fibrosis about portal radicles; moderate cytoplasmic vacuolization; 
mitotic figures present; pigmentation slight to moderate. 

Cat 145. 7/3/34. Ligation common duct, gall-bladder in situ. 7/9/34* 
Senim bilirubin 0.47 mg., bromsulphalein 5 per cent. Wide zone subcapsular 
degeneration. 

Cat 146. t/z/zA- Ligation common duct, gall-bladder in situ. T/g/z^- 
Serum bilirubin 0.47 mg., bromsulphalein 5 per cent. Wide zone subcapsular 
degeneration and vacuolization. 

Cat 63. 2/12/34. Cholecystectomy. 5/8/34. Ligation common duct. 
5/14/34. Serum bilirubin 1.91 mg., bromsulphalein 70 per cent. 

Cat 154. 7/10/34. Ligation common duct, cholecystectomy. 7/16/34* 
Serum bilirubin 15.2 mg., bromsulphalein 50 per cent. 

Seven Day Stasis: Marked dilatation of extrahepatic ducts; mod- 
erate to marked dilatation of medium sized intrahepatic ducts; 
moderate to marked proliferation of smaller bile ducts; moderate to 
marked thickening of medium sized ducts; moderate to marked pro- 
liferation of duct mucosa; subcapsular hyaline necrosis absent; 
sporadic hyaline necrosis slight to marked; sporadic nondescript 
necrosis slight to marked; focal midzonal necroses absent; fibrosis 
about portal radicles slight to moderate; cytoplasmic vacuolization 
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moderate to marked; mitotic figures present; pigmentation slight to 
marked. 

Cat 150. 7/3/34. Ligation common duct, gall-bladder in situ. 7/10/34. 
Serum bilirubin 4.5 mg., bromsulphalein 50 per cent. Smaller ducts disappear- 
ing on account of accumulation of hyaline material. 

Cat 151. 7/3/34. Ligation common duct, gall-bladder in situ. 7/10/34. 
Serum bilirubin 8.5 mg., bromsulphalein 40 per cent. 

Cat 1 14. s/15/34. Ligation common duct, cholecystectomy. 5/22/34. 
Serum bilirubm 6.27 mg., bromsulphalein 100 per cent. 

Eight Day Stasis: Marked distention of extrahepatic ducts; bile 
frequently pale green, thin consistence; slight to moderate dilatation 
medium sized ducts; marked proliferation smaller ducts; moderate 
to marked thickening medium sized ducts; moderate to marked pro- 
liferation duct mucosa; subcapsular hyaline necrosis absent; sporadic 
hyaline necrosis marked; sporadic nondescript necrosis marked; 
focal midzonal necroses absent or occasional; moderate fibrosis about 
portal radicles; cytoplasmic vacuolization slight; mitotic figures 
present; pigmentation moderate to marked. 

Cat 82. 12/27/33. Ligation cystic duct. 3/12/24. Ligation common 
duct, gall-bladder atrophied and contracted. 3/13/34. Serum bilirubin 1.24 
mg., bromsulphalein 30 per cent. 3/14/34. Serum bilirubin 1.72 mg,, brom- 
sulphalein 55 per cent. 3/15/34. Serum bilirubin 2.24 mg., bromsulphalein 
80 per cent. 3/16/34. Serum bilirubin 3.16 mg., bromsulphalein 80 per cent. 
3/19/34- Serum bilirubin 6.5 mg., bromsulphalein 30 per cent. 3/20/34, 
Serum bilirubin 6.8 mg., bromsulphalein 100 per cent. 

Cat 120. 5/24/34. Ligation common duct, cholecystectomy. 6/1/34. 
Serum bilirubin 2.16 mg., bromsulphalein 50 per cent. 

Cat 1 21, 5/24/34. Ligation common duct, cholecystectomy. 6/1/34. 

Serum bilirubin 3.18 mg., bromsulphalein 60 per cent. Numerous binucleate 
and hyperchromatic hepatic cells. 

Ten Day Stasis: Marked to enormous dilatation extrahepatic 
ducts; bile commonly pale green or brown, variable consistence; 
moderate dilatation medium sized intrahepatic ducts; marked pro- 
liferation smaller ducts; moderate thickening medium sized ducts; 
marked proliferation duct mucosa; subcapsular hyaline necrosis oc- 
casionally present; sporadic hyaline necrosis marked; sporadic non- 
descript necrosis marked; focal midzonal necroses absent; fibrosis 
about portal radicles slight; C)d;oplasmic vacuolization slight; 
mitotic figures absent; pigmentation moderate. 

Cat 77. 4/13/34- Ligation common duct, gall-bladder in situ. 4/14/34, 
Serum bilirubin 0.91 mg., bromsulphalein 45 per cent. 4/16/34. Serum bili- 
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rubin 1.31 mg., bromsulphalein 15 per cent. 4/18/34. Serum biUrubin 1.6 mg., 
bromsulphalein 40 per cent. 4/23/34. Serum bilirubin 0.96 mg., bromsul- 
phalein 55 per cent. 

Cat 155. 7/13/34. Ligation common duct, cholecystectomy. 7/23/24. 
Serum bilirubin 6.5 mg., bromsulphalein 40 per cent. Marked compression of 
hepatic parench}Tna about larger bile ducts. Areas of hyaline necrosis spreading 
out from larger portal radicles. 

Eleven Day Stasis: Marked distention extrahepatic ducts; bile fre- 
quently dark green or browTi, variable consistence; medimn sized 
intrahepatic ducts frequently compressed, occasionally dilated; 
marked proliferation smaller ducts; marked thickening medium 
sized ducts; slight proliferation duct mucosa; subcapsular hyaline 
necrosis occasionally present; sporadic hyaline necrosis marked; 
sporadic nondescript necrosis marked; focal midzonal necroses ab- 
sent; moderate fibrosis about portal radicles; cytoplasmic vacuoliza- 
tion moderate; no mitotic figures; pigmentation marked. 

Cat 64. 4/ 23/34. Ligation common duct, gall-bladder in sUu. s/4/34. 
Serum bilirubin 1.88 mg., bromsulphalein 20 per cent. 

Cat 72. 4/23/34. Ligation common duct, gall-bladder in situ. 5/4/34. 
Serum bilirubin 2.48 mg., bromsulphalein 30 per cent. 

Cat 123. s/24/34. Ligation common duct, cholecystectomy. 6/4/34. 
Serum bilirubin 4.8 mg., bromsulphalein 85 per cent. Localized sinusoidal 
congestion. 

Cat 122. s/24/34. Ligation conunon duct, cholecystectomy. 

Serum bilirubin 4 mg., bromsulphalein 7s per cent. 

Twelve Day Stasis: Enormous distention extrahepatic ducts; bile 
frequently dark green; medium sized intrahepatic ducts usually 
compressed; moderate to marked proliferation smaller bile ducts; 
marked thickening medium sized ducts; slight proliferation duct 
mucosa; subcapsular hyaline necrosis occasionally present; sporadic 
hyaline necrosis moderate; sporadic nondescript necrosis moderate; 
focal midzonal necroses absent; marked fibrosis about portal 
radicles, bile ducts and sublobular veins; very slight cytoplasmic 
vacuolization ; no mitotic figures in hepatic cells but some in bile duct 
epithelium; pigmentation marked. 

Cat 1 16. s/io/34. Ligation common duct; gall-bladder in situ. 5/22/34- 
Serum bilirubin 2.92 mg., bromsulphalein 100 per cent. 

Fifteen Day SteLsis: Enormous dilatation extrahepatic ducts; com- 
pression of medium sized intrahepatic ducts; marked proliferation 
smaller ducts; marked thickening medium sized ducts; marked pro- 
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liferation duct mucosa with stretching and thinning of walls of larger 
intrahepatic and extrahepatic ducts; subcapsular hyaline necrosis 
absent; sporadic hyaline necrosis marked; sporadic nondescript ne- 
crosis marked; focal midzonal necroses absent; moderate fibrosis 
about portal radicles with obliteration of vessels and bile ducts; cy- 
toplasmic vacuolization slight; no mitotic figures; pigmentation 
marked; marked compression and atrophy of parenchyma. 

Cat 128. 5/28/34. Ligation common duct, cholecystectomy. 6/12/34, 
Serum bilirubin 1.44 mg., no bromsulphalein retention. Bile dark green. 

Sixteen Day Stg^sis: Enormous distention extrahepatic ducts, bile 
at times dark green; compression medium sized intrahepatic ducts; 
marked proliferation smaller ducts; marked thickening walls medium 
sized ducts; proliferation larger duct mucosa with stretching and 
thinning of walls; subcapsular hyaline necrosis absent; sporadic non- 
descript necrosis marked; focal midzonal necroses absent; marked 
fibrosis about portal radicles with obliteration of vessels and ducts; 
cytoplasmic vacuolization slight; no mitotic figures; pigmentation 
slight to marked; large areas hyaline necrosis about portal radicles; 
marked compression and atrophy of parench5mia about larger ducts. 

Cat 125. s/26/34. Ligation common duct, cholecystectomy. 6/11/34. 
Serum bilirubin 3,4 mg., bromsulphalein 100 per cent. 

Cat 129. s/28/34. Ligation common duct, cholecystectomy. 6/13/34. 
Serum bilirubin 2,62 mg., bromsulphalein 30 per cent. 


Discussion 
Serum BilinMn 

Bilirubm is not present in the blood of the normal cat in sufficient 
concentration to be detected by means of the van den Bergh reac- 
tion. As is true of the dog, from the standpoint of renal excretion 
it may be regarded as a non-threshold substance. In the present ex- 
periment no attempt was made to measure the urinary elimination 
of bile pigment, but it was obviously present in the urine in every 
case at the end of 24 hours of biliary stasis. 

Several observers have studied the development of hyperbiliru- 
binemia following common duct ligation. The time of appearance of 
a definite increase in serum bilirubin has varied from. 5 minutes, as 
reported by BoUman, Sheard and Mann,® to 3 hours, as noted by 
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Bloom, ^ Snell, Greene and Rowntree ® and Barron and Bumstead.® 
Snell, Greene and Rowntree ® found that in the dog only traces of 
bilirubin could be detected in the serum 24 hours after ligation of the 
common duct with the gall-bladder in situ; in 48-72 hours the serum 
contained 2-4 mg. of bilirubin per 100 cc. and bilirubin appeared in 
the urine. The degree of bilirubinemia increased progressively until 
the 2nd or 3rd week, remaining rather constant thereafter with slight 
daily fluctuations. In animals in which cholecystectomy was per- 
formed simultaneously with duct ligation, an increase in the serum 
bilirubin concentration was noted within 30 minutes, rising to 0.3 
mg. at the end of 90 minutes, to 2.2 mg. in 4 hours and to 3-5 mg, at 
the end of 24 hours. It continued to increase steadily during the first 
weeks, when a transient decrease occurred, followed by a subsequent 
rise to a rather constant level. The highest concentration reported 
by Snell, Greene and Rowntree ® was 13,4 mg. per 100 cc., at the end 
of 17 days of stasis, Jordan and Greene ^ observed an increase to 
13.5 mg. at the end of 9 weeks of complete stasis and, in one instance 
reported by Salmon,® the serum bilirubin rose to 30 mg, per 100 cc. 
on the 3rd day. The figures reported by the latter, however, are uni- 
formly considerably higher than those noted by other observers. 

The influence of the gall-bladder on the development of hyperbili- 
rubinemia following obstruction of the common bile duct has been 
demonstrated by Mann and BoUman ® and Snell, Greene and Rown- 
tree,® who showed that jaundice increases more rapidly in dogs fol- 
lowing cholecystectomy, ligation of the cystic duct or chemically pro- 
duced cholecystitis. This is explained on the basis of the observation 
of Rous and McMaster that an intact gall-bladder possesses the 
ability to concentrate the bile to a marked degree, thereby delaying 
the development of an increase in intraductal pressure and hepatic 
injury following ligation of the common duct. Although marked in- 
dividual variation in the degree of bilirubinemia was exhibited by 
the animals in the present study, those with gall-bladders did not 
differ essentially from those in which cholecystectomy or cystic duct 
ligation had been performed. In two instances, however (Cats 145 
and 146), the serum bilirubin concentration was only 0.47 mg. on the 
6th day of stasis; this figure is considerably lower than any noted at 
a similar stage in cholecystectomized animals. The direct van den 
Bergh reaction was positive in every case in which bilirubin could be 
detected in the blood. 
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The highest serum bilirubin concentration in this series was 15.2 
mg. per 100 cc. (Cat 154), obtained on the 6th day of stasis. The 
marked individual variation in the degree of hyperbilirubinemia is 
apparent from the data present in Charts i and 2. No morphological 
basis for this variability could be observed. The bile duct changes 



Chart i 

Distribution of serum bilirubin values during total biliaiy stasis in 
15 cholecystectomized cats and 4 ivith cystic duct ligation. 

appeared to progress consistently throughout the experimental 
period. Sporadic hyaline and nondescript necrosis of hepatic cells 
varied considerably and seemed to bear no relation to the individual 
variation in serum bilirubin concentration. The same was true of the 
focal midzonal areas of necrosis which increased to reach a maximum 
at the end of about 48 hours and then practically disappeared, being 
rarely seen in the later stages. Fibrosis about the portal radicles in- 
creased steadily with the duration of stasis and became rather promi- 
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nent at about the time when the serum bilirubin began to fall, but 
this relation was not constant. The degree of bilirubinemia was also 
apparently independent of the presence and extent of hepatic cell 
regeneration in individual cases. However, in the present series, the 
tendency toward a drop in serum bilirubin approximately coincided 
with the time of disappearance of mitotic figures from the hepatic 
cells (loth day). A similar lack of correlation existed with regard to 



Chart 2 

Distribution oi serum bilirubin values during total biliary stasis in 
10 cats -with the gall-bladder in situ. 


the lipoid content of the hepatic and Kupffer cells, which was studied 
in detail and will be described in a subsequent communication. 
These observations seem to indicate that there is no demonstrable 
correlation, in individual instances, between the changes in the liver 
and bile ducts and the serum bilirubin concentration at any given 
time during the period of total bile stasis. 

Analysis of the data indicates that, contrary to natural expecta- 
tion, the serum bilirubin concentration does not tend to increase 
steadily during the period of stasis. Routine determinations were 
made at frequent intervals in only 4 animals (Chart $). In general, 
the distribution of the serum bilirubin values, as presented in Charts 
I and 2, is in accord with the observation of other investigators that, 
following ligation of the common duct, the rather rapid initial rise is 
followed by a fall to a comparatively low level. Snell, Greene and 
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Rowntree ® stated that in non-cholecystectomized dogs the degree of 
bilirubinemia increased progressively until the 2nd or 3rd week and 
then remained constant, aside from slight daily fluctuations. In 
cholecystectomized animals the serum bilirubin rose steadily during 
the ist week after ligation of the common duct, when a transient de- 
crease occurred, followed in some instances by a secondary rise to 
the final level. Similar findings were reported by Salmon ® and by 
Jordan and Greene.’' 



Chart 3 

Serial determinations of serum bilirubin concentration during 
total biliary stasis in 4 cats. 

Salmon ^ suggests that this decrease in serum bilirubin concentra- 
tion may be due to exhaustion of the bilirubin-forming mechanism, 
the reticulo-endothelial system, associated as it was in his cases with 
a profound, progressive asthenia. Jordan and Greene ^ discuss in de- 
tail the relation between the degree of bilirubinemia and the metab- 
olism of hemoglobin in experimental obstructive jaundice. It has 
been shown that ligation of the common bile duct of experimental 
animals is commonly followed by a gradual fall in hemoglobin and 
the work of Rous and Drury suggests that there is a definite relation 
between changes in the serum bilirubin concentration and variations 
in the percentage of hemoglobin. As a result of their studies of 
anemia in e:q)erimental obstructive jaundice, Jordan and Greene 
concluded that the degree of bilirubinemia seems to vary with the 
amount of blood being regenerated and with the activity of the me- 
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tabolism of pigment, rather than with the total amount or percent- 
age of circulating hemoglobin. It appears likely that these factors 
may be largely responsible for the marked individual variation in the 
degree of obstructive hyperbilirubinemia noted in the present experi- 
ment, as well as in those reported by Snell, Greene and Rowntree,” 
Salmon ^ and Jordan and Greene ^ in dogs, and by Cameron and 
Oakley ^ in rats. However, the phenomenon of the fall in serum bili- 
rubin following the initial increase appears to be too constant to be 
dependent upon these exceedingly variable factors. Nor can it be 
readily explained on the basis of a suddenly increased rate of elim- 
ination of bile pigment in the urine for, as reported by Salmon,^ 
there is a close parallelism between the blood bihrubin concentration 
and the renal excretion of bilrrubin in dogs with obstructive jaundice. 
Similarly, Brakefield and Schmidt found that the maximum elim- 
ination of bile pigment occurs shortly after the onset of jaundice, 
the output subsequently declining during the period of continued 
stasis and reaching a low but somewhat constant level. 

There is one factor that has received comparatively little consider- 
ation in this connection. Malkoff and Brakefield and Schmidt 
have shown that when the common bile duct is ligated the bile acid 
content of the urine increases rapidly and then falls gradually to a 
comparatively low level. According to the latter, ‘‘the output begins 
to decline about a week after the onset of biliary stasis and finally 
reaches a value which in some instances is probably within the limits 
of accuracy of the method employed.” The observations of Varela 
Fuentes, Apolo and Esculies,^^ Snell, Greene and Rowntree and 
Rowntree, Greene and Aldrich indicate a corresponding change in 
the bile acid content of the blood. The fact that the time at which 
the diminution in bile acids occurs approximately coincides with the 
secondary drop in the serum bilirubin concentration may be of sig- 
nificance. This problem is at present under investigation. 

Bromsiilplialein Retention 

In his original observations, Rosenthal found that abnormal 
retention of phenoltetrachlorphthalein did not occur during the 
first 3 days following ligation of the common bile duct. However, 
Snell, Greene and Rowntree,® employing a dosage of lo mg. per kilo- 
gram of body weight (double the clinical dosage), reported beginning 
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retention in from 48 to 72 hours in non-cholecystectomized dogs and 
within 24 hours in cholecystectomized dogs. They found that dye 
retention approximately paralleled the curve of bilirubinemia during 
the period of stasis. After intensive trial in a large number of cats we 
found that although bromsulphalein tends to disappear from the 
blood stream more rapidly than in human beings, nevertheless the 
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Chakt 4 

Distribution of bromsxilphalein retention values during total biliary stasis in 
15 cholecystectomized cats and 4 with cystic duct h'gation. 

dose employed clinically, 2 mg. per kilogram, was the maximum 
quantity which would consistently be completely removed from the 
blood within 30 minutes. Our findings coincide with those of Snell, 
Greene and Rowntree ® in so far as the time of appearance of dye re- 
tention is concerned. Analysis of our data, however, indicates that 
contrary to their findings there is no constant relation between the 
degree of dye retention and the serum bilirubin concentration. Serial 
determinations made in 5 cases (Chart 6) reveal the same discrep- 
ancy. This lack of correlation was most striking in the group of 
cholecystectomized animals, particularly in the early days of stasis, 
but it was also present in the non-cholecystectomized group. 

If one keeps in mind the fact that much more significance must be 
attached to high than to low values in these animals, the occurrence 
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of loo per cent dye retention on the ist day of stasis in i case (Cat 
87), on the 2nd day in 2 cases (Cats 87 and 147) and on the 3rd day 
in 2 cases (Cats 87 and 88) and of values ranging from 40 to 80 per 
cent in several others within the first 72 hours, appears noteworthy. 
The range of individual variation in the degree of dye retention was 
even more marked than in that of bilirubinemia and was not con- 
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Chart 5 

Distribution of bromsulphalein retention values during total biliary 
stasis in 10 cats with the gall-bladder in situ. 


sistently related to the duration of stasis in the group as a whole, less 
so in the cholecystectomized than in the non-cholecystectomized 
animals (Charts 4 and 5). For example, 100 per cent retention was 
present in Cats 147,88, 87, 114,82, and 125 with stasis of i to 15 days 
duration, with serum bilirubin concentrations of 2.4, 1.4, 0.61, 6.27, 
6.8 and 3.4 mg. respectively. As was the case with the serum bili- 
rubin content, there was no apparent relation between the degree of 
b r.msulphalein retention and the morphological changes in the liver 
and bile ducts, either in individual instances or in the group as a 
whole. It was noted, however, that the degree of dye retention ap- 
peared to parallel the clinical condition of the animal more closely 
than did any other factor included in the experimental observations. 
The most marked retention almost invariably occurred in cats that 
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were obviously quite toxic, although relatively low grades of reten- 
tion were occasionally observed in such animals. 

The immediate marked retention of bromsulphalein which oc- 
curred in some cases might conceivably have been due in part to the 
simultaneous removal of the gall-bladder, as was noted clinically fol- 
lowing cholecystectomy by Cantarow, Gartman and Ricchiuti.^® 
However, in Cats 87 and 88, which showed 100 per cent retention 24 
hours after ligation of the common duct, the cystic duct had been 



Chart 6 

Serial determinations of bromsulphalein retention during 
total biliary stasis in 5 cats. 

ligated 2 months previously. It seems evident that the degree of 
bromsulphalein retention exhibited by cats with complete common 
duct obstruction does not depend entirely upon the condition of the 
hepatic parenchyma or the bile ducts. SneU, Greene and Rowntree ® 
suggest the possibility of the accumulation of the dye in the ob- 
structed biliary passages with subsequent reabsorption. However, 
no dye was found in the bile ducts of their animals, although they 
had received repeated doses during the period of stasis. On the other 
hand, it has been noted repeatedly that all dye leaves the blood 
stream within a few hours, regardless of the state of the liver. 

These apparently contradictory observations may be explained on 
the basis of one of three h3q)otheses: (i) extrahepatic elimination, 
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(2) storage, or (3) destruction of the dye. It is well known that rela- 
tively small quantities of phenoltetrachlorphthalein and bromsul- 
phalein are excreted by the kidneys of normal animals, but the quan- 
tity ordinarily eliminated in this manner is far too small (o.i-i mg. 
in 2 hours) to account for the rapid removal of the dye from the 
blood. The question naturally arises as to whether much more might 
not be excreted in the urine in the presence of common duct obstruc- 
tion. In this connection, Snell, Greene and Rowntree ® found that in 
general the amount of dye in 2 hour specimens of urine ran parallel 
to the degree of dye retention in the blood. Although it would ap- 
pear that this h3q)Othesis is untenable, it cannot be entirely elimi- 
nated from consideration on the basis of the limited amount of infor- 
mation now available. 

The observations of Fiessinger and Longchampt,^® Saxl and 
Donath and Schellong and Eisler suggested that phenoltetra- 
chlorphthalein is removed from the blood by cells of the reticulo- 
endothelial system and should be regarded as a test of the functional 
activity of this system rather than of the liver. A similar suggestion 
was made by Herlitz with regard to bromsulphalein. Klein and 
Levinson ^ found that splenectomy or reticulo-endothelial blockade 
with India ink resulted in definite delay in the rate of removal of this 
dye from the blood, this effect persisting for variable periods of time 
up to 30 days. They believe that bromsulphalein is excreted through 
the reticulo-endothelial system, the Kupffer cells playing an impor- 
tant r61e in this connection. Although the degree of dye retention 
reported by these observers was in most cases relatively slight, no 
statement can be made with regard to the possible alteration in re- 
ticulo-endothelial cell activity in the removal and storage of brom- 
sulphalein in animals with total bile stasis. On the other hand, Ro- 
senthal and LiUie foimd that splenectomy and reticulo-endothelial 
blockade with colloidal quartz had no demonstrable effect upon 
bromsulphalein excretion in rabbits, suggesting that the reticulo- 
endothelial system plays no part in this process and implying that 
the polygonal cells of the liver are the elements chiefly concerned in 
the removal of the dye from the blood. This controversial point re- 
quires further investigation. 

There is some evidence, both direct and indirect, that members of 
the phenolphthalein group of compounds may be destroyed in the 
tissues. Kendall ^ has shown that the disappearance of a portion of 
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injected phenolsulphonephthalein may be accounted for in this way, 
and Snell, Greene and Rowntree® found that phenoltetrachlor- 
phthalein is rapidly destroyed when incubated with ground liver or 
muscle tissue. Careful examination of animals with common duct 
ligation has frequently failed to reveal any evidence of the accumu- 
lation of the dye in the tissues in spite of the fact that only small 
quantities have been eliminated in the urine and little or none may 
be present in the blood. It seems likely that the existing wide varia- 
tions in the degree of bromsulphalein retention in cats with total bile 
stasis may be largely dependent upon a variable rate of destruction 
of the dye in the tissues, although the possible importance of renal 
elimination and reticulo-endothelial storage cannot be denied. 

Summary and Conclusions 

1 . Morphological changes in the liver and bile ducts are presented 
in relation to simultaneous changes in serum bilirubin concentration 
and bromsulphalein retention in 29 adult cats with uncomplicated 
total bile stasis produced by ligation of the common duct. The pro- 
gression and regression of characteristic lesions in the liver and bile 
ducts are described in detail. The time of appearance of white bile is 
apparently extremely inconstant. 

2. There was a marked degree of individual variation in serum 
bilirubin concentration. The highest incidence of maximum biliru- 
binemia in the group as a whole occurred early in the 2nd week of 
stasis, with a subsequent decline during the remainder of the experi- 
mental period (16 days). The time of occurrence of the initial fall in 
serum bilirubin concentration approximately coincided with the 
time of disappearance of mitotic figures from the hepatic cells, but 
this correlation was not consistent in individual cases. 

3. There was no demonstrable correlation between the morpho- 
logical changes and the serum bilirubin concentration at any given 
time during the period of total bile stasis. 

4. The range of individual variation in the degree of bromsulpha- 
lein retention was more marked than in that of bilirubinemia and 
was not consistently related to the duration of stasis or to the serum 
bilirubin concentration. 

5. There was no apparent correlation between the degree of dye 
retention and the morphological changes in the liver and bile ducts, 
either in individual instances or in the group as a whole. 
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' 6. Anemia, activity of hemoglobin regeneration and suppression 
of bile acid S3mthesis are discussed in relation to their possible in- 
fluence upon the changes in serum bilirubin concentration during 
total stasis. The observed variations in the degree of bromsulphalein 
retention may be dependent upon several variable factors, including 
destruction, storage or extrahepatic elimination of the dye. 
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Since the first description of siderotic nodules appeared in 1904 
(Stengel ^), these lesions are being observed with increasing fre- 
quency in the spleens of individuals presenting a wide variety of clini- 
cal conditions. They have also been encountered in the ovary 
(Henke and Lubarsch,^ Kraus/ Abrikossoff/ and Kauder®), in hy- 
perplastic thyroid tissue (Schuppisser/ and Kraus in the midbrain 
(Herzenberg and retroperitoneal lymph nodes (Schuppisser/ 
Kauder in cases of hemochromatosis, and in the bladder in a case 
of acute fulminating hemorrhagic and necrotizing cystitis (Kohly ^). 
Their presence in other organs and tissues of the body, aside from the 
spleen, however, is rarely noted and only one report (Borromeo of 
their occurrence in the tissue of primary renal carcinoma could be 
found in the literature. 

Description op Histological Preparations 

The sections stained with hematoxyhn and eosin consist of an area 
of kidney with an attached, solid, cellular, encapsulated carcinoma of 
the so-called hypernephroma type without much stroma or redupli- 
cation of cords, alveoli, tubules or cysts (Fig. i). The renal tissue 
contains no pigment and shows only anemia with mild parenchyma- 
tous degeneration of tubular epithelium, except in the area adjacent 
to the capsule of the tumor where the atrophic and reactive changes 
usually observed under these circumstances are present. The cells of 
the tumor are large, polyhedral and uniform in size with finely and 
coarsely vacuolated cytoplasm, and regular, small, round, well 
stained nuclei which are rarely seen in mitosis. They are everywhere 
supported by a fine reticulum and further separated into sheets and 
masses by narrow bands and islands of vascular adult connective 

* Received for publication January 4, 1935. 
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tissue. They are nourished in addition by blood carried in numerous, 
large, irregular, immature vessels consisting merely of clefts in the 
tissue lined by tumor cells. Macrophages with foamy or pigmented 
cytoplasm are occasionally observed engulfing erythrocytes and 
necrotic tumor cells. 

The capsule separating the carcinoma from the renal tissue proper 
consists of a zone of connective tissue approximately 2 mm. wide and 
moderately cellular, but with very little pigment on the side toward 
the renal tissue. The remaining half of the capsule is composed of 
acellular, wavy collagen fibers arranged in bundles and diffusely im- 
pregnated in large patches with amorphous granules and variably 
sized, small, round, sharply etched bodies 8 to 15 microns in diameter 
which lake hematoxylin. One comer of the capsule lying against the 
tumor tissue contains extravasated erythrocytes, carcinoma cells, 
lymphocytes, many blood vessels and peculiar pigmented lesions 
(Fig. i). 

The pigment occurs in the form of purple masses and coarse brown 
granules, and in concentric circular collections of slender, dark blue 
streaks and greenish, segmented, bamboo-like rods presenting a 
wreath-like arrangement about the blood vessels, not only in the cap- 
sule but also in the tumor tissue proper. In a typical example (Fig. 2) 
the center consists of a small vessel open to the flow of blood and 
lined by endothelial cells attached to a narrow wall of collagen ma- 
terial. This is surrounded by a wide, clear, foamy reticulated zone of 
delicate collagen fibers devoid of iron pigment and staining light blue 
with Mallory’s and faintly red with Van Gieson’s connective tissue 
stains. The outer limits of this zone end abruptly against a thin, 
wavy, and sometimes linear lamina, pale green in unstained prepara- 
tions, dark blue with Mallory’s potassium ferrocyanide stain and 
with hematoxylin and eosin, red with the fibroglia and Van Gieson’s 
stains and black with Verhoeff’s elastic tissue stain. Occasionally 
two lamina are present, separated by the interposition of thick, seg- 
mented and branched, bamboo-like rods, pale green in unstained 
preparations, brown and sometimes bluish with Mallory’s collagen 
stain, bluish mustard-brown or brownish red with the fibrogfia stain, 
blue with potassium ferrocyanide, green with hematoxylin and eosin, 
and greenish, greenish yellow and sometimes reddish with Van Gie- 
son’s stain. Although some of the vessels are surrounded exclusively 
by the bamboo-like rods, in the majority of instances the initial de- 
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posit of pigment occurs in the form of blue lines, the outer one of 
which is replaced by thicker, but similarly shaped bands of greenish 
material which ultimately develops into the bamboo-like rods. 
Eventually these segmented rods form confluent masses and their 
edges become progressively irregular and granular, nearing complete 
disintegration into amorphous debris. Many of the pigment masses 
are engulfed by foreign body giant cells and broken down in this 
manner. The giant cells form initially within the zone of foamy 
reticulated network and occasionally attain enormous proportions, 
having as many as seventy nuclei in single sections and many more 
in complete serial sections. As a rule they engulf only the pigment, 
leaving the thin-walled vessel and its surrounding reticulated zone 
intact; at other times, however, the whole vessel wall with its pig- 
ment and lumen together is engulfed. Within the giant cells the seg- 
mented rods and blue lamina are broken down into spicules, small 
crystals and rounded droplets. 

The pigmentation within the tumor tissue proper presents a varied 
morphology. There are large bars of refractile, reddish brown, iron- 
free pigment unaffected by any of the staining reactions employed. 
The outlines of these bars are sharp and often appear freshly frac- 
tured; the surface is flat and seems to be constructed of layer upon 
layer of flat crystalline material resembling somewhat cholesterol 
plates. Other pigment masses are hyaline in character, stain pink 
with hematoxylin and eosm, red with Van Gieson’s and blue with 
potassium ferrocyanide and Mallory’s collagen stain. These hyaline 
masses occupy large areas traversed by thin strands of connective 
tissue and are closely related and sometimes continuous with denser, 
disk-shaped masses showing flat surfaces of concentric circles, often 
resembling small concretions (Fig. 3), and which stain an intense 
blue with potassium ferrocyanide, brown with Mallory’s collagen 
stain and red, yellowish brown or even purple with Van Gieson’s 
stain. The tumor cells in the vicinity of the immature blood spaces 
contain iron pigment which is found impregnating the chromatin ma- 
terial of the nucleus and which also occurs as small punctate dots or 
diffuse staining material in the cytoplasm. The reticulum supporting 
the tumor cells is stippled with fine, iron pigment granules contained 
within a poorly demarcated zone staining pink with eosm and some- 
what orange with the fibroglia stain, and which appears like a neu- 
trophilic smudge with hematoxylin and eosin. This fine, dust-like 
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pigment coalesces to- form larger agminate masses, round or oval, 
with short projections or fine rosette formation, pale green in un- 
stained preparations, green and sometimes pink with Van Gieson’s 
stain, blue or mustard-brown with the fibroglia stain, and brown, 
brownish green or blue with Mallory’s collagen stain. These masses 
sometimes seem to form in larger, hyaline, disk-shaped bodies. 
The smaller particles of pigment are phagocytosed by macrophages 
and in the larger islands of connective tissue which stud the tumor, 
there are enormous quantities of pigment (Fig. 4) often within giant 
cells or free in the form of a coarse feltwork traversed by connective 
tissue and staining various shades between blue and green in the 
potassimn ferrocyanide preparations and green, brown or purple 
with hematoxylin and eosin. In these situations the giant cells con- 
tain irregular segmented rods with lateral projections and collateral 
off-shoots which serve to unite several of the masses into a single 
continuous piece. 

Discussion 

A purely mechanical origin for the development of siderotic nod- 
ules was first postulated by Gandy, who attributed a great deal of 
importance to vascular stasis, hemorrhage, pigmentation and fibro- 
sis. The relation between incrustations of calcium and iron salts on 
degenerated tissue fibers has recently been reviewed and discussed 
at length by Bennett,” and Davis and Warren.^^ Other investigators 
of these lesions have been concerned not only with hypothecating an 
etiological basis for their development, but also in explaining the 
microscopic structure, the origin of the associated hemorrhages and 
the chemical nature of the pigments and other inorganic material of 
which they are composed. The characteristically shaped, pale green, 
pigmented rods which resemble mycelial structures are largely com- 
posed of iron phosphate (Kraus) deposited on a substratum of elastic 
tissue and collagen fibers (Glasimow,^® and Schuppisser®). According 
to Christeller and Puskeppelies the intima and collagenous mural 
fibers of the smaller splenic arteries undergo degeneration with re- 
sulting extensive extravasation of blood which slowly hemolyzes, the 
liberated pigment becoming incrustated on the previously damaged 
fibrillar material. Caspar,^® however, in agreement with most other 
observers, believes that in the spleen the lesions are derived from 
hemorrhages originating mainly in the vicinity of the trabecular 
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veins, the incrustations of the arterial walls within the area of in- 
volvement being secondary manifestations, which occur at first only 
on the side facing the hemolyzing erythrocytes. Fasiani and Osella- 
dore effected the development of siderotic nodules experimentally 
in dogs and cats by ligating the veins at the hilum of the spleen, 
within which areas of necrosis were then produced by emplo)dng va- 
rious physical and chemical agents such as caustics, diathermy co- 
agulation and intraparenchymatous injections of alcohol and solu- 
tions of calcium chloride. Although emphasizing the importance of 
necrotic lesions in the genesis of these pigmented nodulep, these in- 
vestigators were inclined to support Jager’s view that the nodules 
can occur as a result of chronic stasis alone. If this were true, how- 
ever, the conditions present in the neoplastic tissue of primary car- 
cinoma of the kidney would constitute an ideal situation for their 
development, since the renal vein is frequently partially or com- 
pletely occluded by proliferating tumor cells, and the occurrence of 
congestion, hemorrhage and necrosis is the rule. Only one case similar 
to our own has been reported in the literature (Borromeo ®) . More- 
over, we were unable to find siderotic nodules in the histological sec- 
tions of 62 additional cases of primary renal carcinoma in which, how- 
ever, rapid cellular division, vascular thrombosis, passive congestion, 
hemorrhage, areas of necrosis, crystaUine lipoidal material and the 
salts of calcium and iron were present in varying degree and combi- 
nation. Although changes of this type may occupy an important 
secondary position in initiating the formation of siderotic nodules, it 
would appear that the genesis of these lesions depends primarily on 
the presence of additional factors, the nature of which is incom- 
pletely understood at the present time. Furthermore, these stimuli 
are evidently not operative m situations in which calcification com- 
monly occurs, as for example, old infarcts, sclerotic blood vessels, 
fibrotic heart valves, areas of caseous necrosis and collections of in- 
spissated pus. 

In regard to a possible parasitic origin which has been postulated 
by Gibson,^® Nanta, Pinoy and Gruny,^® Askanazy and Schweizer,^® 
and others, McNee believes that in view of the different organisms 
obtained in the reports just mentioned and in the cases examined by 
Jaffe and Hill, 22 it would be illogical at present to regard the siderotic 
nodules as specific lesions resulting from mycotic infection. Cultures 
were not made in our case but there was no histological evidence in- 
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dicating the presence of parasitic infection. The statement made by 
Kohly that the mycelial-like threads in the siderotic nodules of 
splenic tissue represent multiple fractures of the rod-shaped elements 
by contractions of that organ does not seem tenable, in view of the 
fact that in the kidney of our case the segmented appearance was 
quite characteristic in the absence of any such contractile force. 

Summary 

A description of siderotic nodules (Gandy-Gamna bodies) oc- 
curring in I of 63 cases of primary renal carcinoma is given and 
illustrated. 
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DESCRIPTION OF PLATES 


Plate 73 

Fig. I. Encapsulated portion of primary renal carcinoma showing Gandy- 
Gamna bodies in upper portion of the field. Hematoxylin and eosin stain. 
X 50. 

Fig 2. Capsule of tumor containing a vessel surrounded by a dark wavy 
line and concentrically arranged, pale, segmented rods. The lumen of the 
vessel is narrow and is separated from the pigment by a fine reticulated 
structure containing a few nuclei. Note the presence of pigment in the 
surrounding tissue. Hematoxylin and eosin stain. About x 400. 
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Plate 73 
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Siderotic Nodules in Primar>' Renal Carcinoma 



Plate 74 

Fig. 3. Disk-shaped pigment masses resembling small concretions. Hema- 
toxylin and eosin stain. About x 450. 

Fig. 4. Island-like collections of pigment within the tumor tissue. Note the 
foreign body giant cell to the left of the center. Hematoxylin and eosin 
stain. About x 380. 
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Andrew J. E. Akelaitis, M. D. 

{From the Department of Medicine, University of Rochester School of Medicine and 
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Melanomas are malignant tumors arising in those regions where 
melanin-bearing cells are present. The usual sites are the pigmented 
nevi in the skin, the uveal tract of the e3’^e, the pigmented layer of 
the retina, the adrenal gland, various pigmented regions of the 
mucous membranes and the meninges of the brain. 

Primary melanoma of the meninges is considered to be rare and 
only 29 cases have been reported, A review of the literature re- 
veals cases reported by the following authors: Virchow,^ Stern- 
berg ,2 Stoerk,® Hirschberg,^ Pick,^ Minelli,*^ Boit,'^ Thorel,® Bosch,'* 
Lindbom,-*® Lua,^^ Hesse, *^2 Esser,^^ Schopper,^^ Koelichen,^® Kiel,^® 
Matzdorff,^' Neuburger,^® Omodei-Zorini,^'* Schmid,^® Baumecker,^ 
Dieckmann,22 Farnell and Globus,^ Foot and Zeek^^ (2 cases), 
Heilmann,^^’ de Blasi,^° Lackerbauer,^^ Garcin and associates,^® and 
Jacob.^® In a review of the reported cases Weimann found that 
only 4 could be considered definitely to be primary melanosarcoma 
of the brain. Omodei-Zorini in his critical study of 20 cases could 
find only 12 certain cases. 

The case reported here showed a diffuse melanosarcomatosis aris- 
ing primarily in the pia with secondary involvement of the brain 
parenchyma. The histological study of the process in the lepto- 
meninges and the brain revealed that the various cells of the neo- 
plasm belonged to various developmental stages in the formation of 
the chromatophore. 

* Aided by a grant from the Fluid Research Fund contributed by the Rockefeller 
Foundation. 
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Report of Case 

Clinical History: On May 30, 1932, a white male, aged 82 years, was admitted 
to the Strong Memorial Hospital in a comatose condition. According to his 
family, the patient had enjoyed excellent health except that for the past few 
months he had been subject to dizzy spells. Thirty-six hours before admission 
he complained of feeling ill, a few minutes later he lost consciousness and had 
a clonic convidsion involving the left arm and leg. 

Physical Examinalion: The patient was a well developed, poorly nourished, 
elderly man in a comatose state. The hands and lips were cyanotic, and the 
skin was cold and clammy. The respirations were stertorous, shallow and rapid. 
The temperature was 40.7° C. by rectum, the pulse 58 and respirations 52. 

Neurological examination disclosed a conjugate deviation of the eyes to the 
left and the pupils contracted and fixed to light. The fundi showed arterio- 
sclerosis, but no blurring of the optic discs. The extremities were flaccid and the 
deep tendon reflexes were absent bilaterally. Plantar stimulation resulted in 
dorsal flexion of the large toe on the left side and there was a positive Hoff- 
mann’s sign on the left side. 

Course of Illness: The patient did not regain consciousness and died i hour 
after admission. 

Clinical Diagnosis: Intracranial hemorrhage in the right internal capsule. 


Autopsy Report 

The autopsy was performed 14 hours after death. Except for the 
brain, no abnormal pigmentations over the body or in the internal 
organs were found. Examination of internal organs showed general- 
ized arteriosclerosis and bronchopneumonia. 

The brain weighed 1500 gm. and was of normal consistence with 
moderate widening of the sulci over the frontal lobes. There was a 
moderate thickening of the larger cerebral arteries and the blood 
vessels in the Rolandic fissure were greatly engorged on the right 
side. 

The remarkable feature was the extreme brownish black pigmen- 
tation which was symmetrically but unevenly distributed in the lep- 
tomeninges on both sides of the brain. The pigment was most in- 
tense around the Sylvian and Rolandic fissures, extending far out 
over the frontal and parietal lobes but diminishing as the frontal and 
occipital poles were reached. On the mesial surface and base of the 
brain the pigmentation was much less marked. As the pigmentation 
diminished in amount it was arranged in discrete flecks of various 
sizes measuring from 0.5 to 5 mm, in diameter (Fig. i). Where the 
meninges were stripped from the underlying brain tissue a few small 
gray to black dots measuring up to 2 mm. were seen to invade the 
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cortex. After fixation in formalin careful sectioning disclosed in all 
only four small, dark, circumscribed nodules extending from the 
meninges into the cortex of the cerebrum. These nodules were found 
in the pars opercularis of the gyrus frontahs inferior, the pars supe- 
rior of the gyrus frontalis medius (two nodules) and the area 
parolfactorius of the right side. Macroscopically this invasion was 
limited to the gra)'- matter and did not extend into the medullary 
layer. 

The ventricular surfaces were free of pigment with the exception 
of the right wall m the recessus suprapinealis and along the tela 
choroidea ventricularis where the melanosis extended up to the 
foramen of Monro, and a few small discrete flecks in the right lateral 
ventricle. 

The spinal cord was not removed except for a small portion of the 
upper cervical cord. 

Microscopic ExAinNAxioN 

Pieces of tissue were taken from various parts of the central ner- 
vous system, including especially those regions in which the brain 
parenchyma was invaded by the neoplastic process. The stains em- 
plo3'^ed were thionin, hematoxylin-eosin, Van Gieson, Globus’ modi- 
fication of Cajal’s method for astrocytes, Penfield’s modification of 
Hortega’s method for microglia and oligodendroglia, Weil’s myelin 
stain, Herxheimer’s scharlach R stain for fat, Marchi’s stain, and 
Perdrau’s stain for connective tissue. The pia over the gyri and in 
the sulci was carefully stripped off and various silver methods were 
employed to stain the nerve endings. The most satisfactory method 
was found to be Snessarew’s modification of Cajal’s technique.®^ 

The pigment showed the reactions characteristic of melanin. The 
granules were completely decolorized by hydrogen peroxide, nascent 
chlorine and 2 per cent chromic acid. Similarly, treatment of sec- 
tions with 0.5 per cent potassium permanganate for 24 hours, fol- 
lowed by 0.5 per cent oxalic acid, resulted in complete bleaching of 
the melanin granules. Concentrated solutions of acids and alkalis 
and the ordinary fat solvents did not dissolve the granules. The 
pigment gave no reaction with scharlach R and tests for iron were 
negative. In unstained sections the granules were light to dark 
brown in color; with thionin the granules were dark green; in hema- 
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toxylin-eosin and Van Gieson stains the granules were light to dark 
brown, and with silver stains the granules were black. The silver 
stains also brought out the granules in greater abundance in aU types 
of pigment cells. 

Meninges: The dura was free of melanin-containing cells. The 
leptomeninges were as a rule not thickened and no inflammatory 
ceUs were seen. In every section that contained meninges chro- 
matophores were found (Fig. 2). Most frequently the chroma- 
tophores were in single layers and limited to the pia intima and the 
pial l3miph space about the blood vessels. However, in those regions 
where the pigment flecks were present the chromatophores were 
sometimes several layers in thickness. In such areas it was not infre- 
quent to find that these pigmented cells had invaded the brain paren- 
chyma by way of the perivascular spaces (Fig. 3), The arachnoid 
contained chromatophores only in those regions where the pigment 
flecks were large and active proliferation of cells was apparently 
taking place. 

In the strips of pia the pi^entation was found to be variable. 
Those areas that were relatively unpigmented showed typical chro- 
matophores, isolated or arranged in groups. In the latter the proc- 
esses of individual cells appeared to anastomose freely, producing 
a so-called chromatophore net. In general, the melanin granules 
were usually foimd within cells, but occasionally pigment was seen 
lying free in the pia. The chromatophores usually had a very definite 
relation to the blood vessels, as may be seen in Figure 4. In this 
illustration the round pigment cells are arranged aroimd the walls 
of the blood vessels. These cells are limited to the membrane form- 
ing the pial lymph space but do not invade the adventitia. In other 
sections the chromatophores were arranged in such a manner that 
their processes ran parallel with the course of the blood vessels. 

The pigment flecks showed, under low magnification, a dark center 
\vith radiating processes going off from the core very much like the 
spokes of a wheel (Fig. 5). Under higher magnification the center 
was found to consist of numerous small, round pigmented cells. The 
radiations were made up of several different types of pigment cells 
(Fig. 6). Consequently, five types of pigment cells could be differen- 
tiated as follows: 

(i) Round ceUs which measured 8 to 12 in diameter. These 
cells were most numerous and were found usually in the center of 
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the pigment fleck. The melanin was in the form of minute granules 
which were of a light brown color in unstained sections. The nucleus 
was vacuolated and centrally placed; occasionally double nuclei were 
seen. 

(2) Oval cells with and without short plump processes. The cell 
body had an average size of 15 by 10 jll. These cells were fairly 
numerous and were found most frequently in the immediate pe- 
riphery of the core and occasionally within the core. The granules 
were identical with those found in the round cells. The nuclei were 
vacuolated and centrally placed. These cells were apparently tran- 
sitional forms between the round pigment cells and the spindle- 
shaped chromatophores with long processes (Fig. 7). 

(3) Spindle-shaped chromatophores. The average size of the cell 
body was 30 by 10 /i. These cells formed the most numerous propor- 
tion of the chromatophores and usually possessed two long delicate 
processes which sometimes attained a length of 200 ju. They were 
found in the periphery of the pigment fleck and the relatively unpig- 
mented areas. The granules were fairly numerous and of a darker 
brown color than those seen in the round or oval cells. The nucleus 
was round and vacuolated. Occasionally, giant types were seen 
whose cell body measured 70 by 30 /u and whose processes were 
300 /x in length. In these cells double and triple nuclei were fre- 
quently found. 

(4) Polyhedral cells with and without short plump processes. 
The average size of the ceU body was 15 by 12 jn. These cells were 
few in number and were found in those areas where the oval cells 
with short processes occurred. The melanin granules were identical 
with those found in the round cells. The nucleus was vacuolated and 
centrally placed. Much larger cells containing two or more nuclei 
were rarely seen. The general impression obtained was that these 
cells were transitional forms between the round cells and the typical 
stellate-shaped chromatophores (Fig. 8). 

(5) Stellate-shaped chromatophores. The average diameter of 
the cell body was 20 n. These cells were relatively few in number. 
As in the case of the mature spindle-shaped chromatophores, these 
cells were found in the periphery of the pigmented flecks and in the 
relatively unpigmented areas. They contained various numbers of 
processes, the usual number being four. The processes were long and 
delicate, and sometimes reached a length of 150 n. The granules 
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were similar to those found in the spindle-shaped chromatophores. 
The nuclei were round and vacuolated and usually centrally placed. 
Giant stellate cells were rarely seen. The body of these cells was 
very large with a diameter of 50 n, and the processes occasionally 
reached a length of 200 /x. Double nuclei were infrequently seen. 

The pigment flecks in the walls of the third and right lateral ven- 
tricle were similar histologically to those found in the pia. 

Nerve Endings of Pia: Numerous strips of pia taken from various 
regions were stained for nerve endings in order to study the possible 
relation between them and the pigment flecks. None was discov- 
ered. The most frequent t3q)e of nerve ending seen is illustrated in 
Figure 9. 

Parenchyma: The nerve cells appeared to be fairly well preserved 
in thionin-stained sections, but in scharlach R fat stains numerous 
small fat globules were seen in the cytoplasm. This “hpoid degener- 
ation” was found throughout the entire cortex but was most marked 
about those regions where the neoplastic process had extended into 
the brain parenchyma. In the periphery of the invading tumors the 
nerve cells contained melanin granules in various amounts. In 
the frontal and the temporal lobes there was a moderate degree 
of sclerotic change in the nerve cells of the third layer. In the 
hippocampus numerous small, acellular areas were found, the so- 
caUed “ Verodungsherde.” The nerve cells in the lenticular nucleus 
and thalamus contained moderate amounts of lipochrome. The 
Purkinje cells of the cerebellum were well preserved and free of 
lipochrome pigment. The cells of the substantia nigra and locus 
caeruleus appeared normal and contained normal amounts of large 
melanin granules. 

The astrocytes were not hypertrophied or hyperplastic. In those 
regions where the neoplastic process had invaded the parenchyma 
the protoplasmic and fibrillary astrocytes contained melanin gran- 
ules -within their cytoplasm and in their processes. The oligoden- 
droglia were free of pigment granules. The microglia showed various 
stages of pathological change. Some appeared normal, others con- 
tained occasional melanin granules in their processes, while others 
were so completely filled Avith melanin pigment that they were 
globular in form and looked very much like the round pigmented 
cells found in the pigment flecks of the pia and in the tumor nodules 
of the parenchyma. The pigment cells could be differentiated from 
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the “ Gitterzellen ” by the fact that the former contained a vacuo- 
lated nucleus and the cytoplasm was free of fat. In the brain sub- 
stance the blood vessels were increased in number and engorged 
about those regions where the tumor had invaded the parenchyma. 
The arteries showed moderate arteriosclerosis and calcification of 
the blood vessel walls occurred in the hippocampus and the lentic- 
ular nuclei. Occasionally, minute melanin granules were found in 
the endothelial cells of the capillaries. No melanin-containing cells 
were found within the lumen of the blood vessels. 

Stains with Marchi and scharlach R showed degeneration in the 
medullary laj'-ers where the cortex was involved by the tumor. No 
degeneration was found in the pyramidal tracts with myelin or 
fat stains. 

The cranial nerves were intact. The pia encircling the nerves was 
frequently outlined by chromatophores, but no infiltration into the 
epineurium was observed. 

Tumor in the Parenchyma: The involvement of the parenchyma by 
the neoplastic process was minimal in contrast to the diffuseness of 
the process in the meninges. Microscopic study revealed many 
more areas of invasion of the cortex than could be seen macroscopi- 
cally. These nodules were deeply pigmented and in spite of much 
search no unpigmented nodules were found. 

In view of the fact that all the nodules were identical in structure, 
a description of the largest one is deemed sufi&cient (Fig. 10). The 
infiltrative nature of the neoplasm by way of the perivascular spaces 
is well illustrated and the process is limited to the cortex. However, 
the perivascular manner of distribution cannot explain the whole 
means by which this invasion occurred since pigment cells were 
found lying free in the brain parenchyma in the peripheral regions 
of the tumor (Fig. ii). Apparently the pia-glia membrane was not 
an impenetrable barrier against the tumor cells, for frequently a 
heavily pigmented cell with a round vacuolated nucleus was found 
in the act of passing through the membrane, half of the cell being in 
the perivascular space and the other half in the parench)mia. Occa- 
sionally, isolated spindle-shaped chromatophores were found lying 
free in the parenchyma in no close proximity to blood vessels whose 
perivascular spaces were filled with melanin cells. 

The general arrangement of the pigmented cells in the tumor sug- 
gested a typical melanosarcoma. The spindle-shaped cells were 
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arranged in bundles going in all directions, so that transverse, longi- 
tudinal and oblique aspects of these sheaves of cells could be seen. 
Not infrequently whorls of compact masses of spindle cells were ob- 
served (Fig. ii). Among these bundles of pigmented spindle cells 
were found round, oval and polygonal pigmented cells. In the more 
peripheral regions of the tumor the pigment cells formed a ring 
several layers thick about the blood vessel and definite invasion of 
the adventitia by the chromatophores occurred (Fig. ii). In teased 
preparations from the nodule all the types of pigment cells found in 
the pia were seen (Fig. 12). 

With connective tissue stains, such as Van Gieson’s and Perdrau’s, 
typical reticulum and coUagen fibers were found in large numbers 
throughout the tmnor (Fig. 13). 

Discussion 

Occurrence of Chromatophores in the Meninges 

Chromatophores in the leptomeninges were, according to Vir- 
chow,^ first described by Valentin. Since then KoUiker,^^ Ober- 
steiner,®^ Charpy,^ and others have described the occurrence of these 
chromatophores in the meninges of normal adult brains. Ober- 
steiner ^ described these cells in the adventitia of the blood vessels 
and pia of the medulla oblongata and could trace these chroma- 
tophores in the pia around the blood vessels into the brain substance. 
Kblliker and Gohnan insisted that the pigmentation was limited 
to the pia. The usual sites of these chromatophores are in order of 
frequency: base of the medulla oblongata and cerebellum, about the 
dorsal surface of the upper cervical region, base of the cerebral 
peduncles, region of the optic chiasma, and along the sylvian fissure 
and the inferior surfaces of the frontal, temporal and ocdpital lobes. 

Regarding the appearance of chromatophores of the pia in rela- 
tion to age, Broniatowski studied the pia mater about the medulla 
oblongata in a series of patients from the ages of 3 to 71 years. He 
found that melanin-containing cells appear at the age of 9 years 
and that after puberty they do not increase in number but that the 
color of the granules changes from a light brown to a dark brown. 
Famell and Globus ^ state that they have frequently seen chroma- 
tophores in infants and have found them in a fetus of si months. 
The relation of pigmentation of the pia to race has been mentioned 
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infrequently. Mohnike noted the presence of pigment in the lepto- 
meninges of the brain in the Javanese, but did not find it in the 
negro. According to Freeman,^® chromatophores are more numerous 
in the brains of negroes than in those of the white race. Virchow 
stated that pigmentation of the base of the brain was present in all 
normal adults of the Caucasian race. Symmers reported excessive 
pigmentation of the pia in more than half of a series of 177 routine 
autopsies on Egyptians. 

The chromatophores of the pia can become hyperplastic, leading 
to a diffuse melanosis of the pia, and the pigment flecks are often 
S3Tnmetrically arranged on both sides of the brain. In the gray 
horse (Virchow), calf (Casper), and sheep (Schwalbe and Weiden- 
reich) , excessive pigmentation of the meninges is not uncommon and 
is usually associated with abnormal pigmentation of the skin. Ac- 
cording to Dawson,^® melanomas of the meninges have been de- 
scribed in the horse and sheep. In man, Rokitansky, Oberndorfer,'*^ 
Grahl,^^ Maclachlan,'*'* and Berblinger'’" have described cases of 
marked pigmentation of the brain allied with numerous pigmented 
nevi of the skin. Similarly, in the cases of primary melanoma of the 
meninges reported by Esser,^® Lua,^^ Lindbom,^*’ and Schopper,^^ 
numerous nevi in the skin were present. The presence of develop- 
mental disturbances in cases of abnormal melanotic pigmentation 
and melanoma of the meninges was reported by Hamill and Roth- 
stein"*® (syringomyelia), Koelichen (syringomyelia), Bosch ^ (mul- 
tiple sclerosis), and Berblinger (glioma). 

According to Spielmeyer,'^^ under various chronic pathological con- 
ditions and in senility the number of chromatophores increases. 
General paresis is the condition most apt to produce tliis increase and 
in chronic encephalitis invohdng the cells of the substantia nigra 
the amount of melanin may be greatly increased in the pia about the 
cerebral peduncles. Jakob states that in any chronic irritative 
condition of the pia a marked h}q)ertrophy and hyperplasia of chro- 
matophores may occur. Tliis excessive pigment is found in the pia, 
the fibrous neuroglia and the microglia. In the glia cells the pig- 
ment is in the processes in the form of large granules, but in the 
microglia this pigment is finely granular. The ganglion cells and 
oligodcndroglia cells are free of tliis pigment. As a possible explana- 
tion of this In-perpigmentation the obser\'ation of Peck may be 
utilised. He has shown experimentally that the increased pigmen- 
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tation in the skin associated with inflammation is related to a sudden 
and strong dopa reaction, even in the absence of light. 

It is a weU known fact that hyperpigmentation of the skin occurs 
in Addison’s disease. Similarly, Fagge finds that the pigmentation 
of the pia may be greatly increased in this disease also. This may be 
explained in the same manner that Bloch explains this condition 
in the skin. Due to the failure of the adrenal glands to synthesize 
adrenalin from its mother substance, an excess of this normal pre- 
cursor circulates in the blood. This precursor is closely related to 
3-4 dihydroxyphenylalanine (dopa), possibly identical with it. Cir- 
culating in the blood, it is possible that the excess of this adrenalin 
precursor on reaching cells in the pia is acted on by the contained 
melanin-forming ferment (dopa oxydase) and oxidized into melanin. 


Origin and Nature of the Chromatophore 

Active debate has arisen regarding the origin and nature of the 
chromatophore. In the lower animal kingdom most authorities look 
upon the chromatophore as a specialized cell which is derived ori^- 
nally from the mesoblast and which retains an intimate relation with 
the nervous system (BaUowitz,®^ and Konigs ^). Stockard believes 
that in batrachians these cells arise from the mesoblastic tissue in the 
ovum and embryo and remain distinct throughout the life of the 
animal. In man and the higher mammals Bloch distinguishes be- 
tween the chromatophores and the melanoblasts. According to him, 
the melanoblast is capable of forming melanin pigment and is derived 
from ectodermal and mesodermal tissue. The ectodermal melano- 
blast is found in the basal layer of the epidermis, the follicles and 
matrix of pigmented hairs, in pigmented nevi, in the retina, and is 
probably identical with the dendritic cells found in the skin and 
mucous membranes of ectodermal origin. The mesodermal melano- 
blasts are found in the uveal tract of the eye, in the meninges and in 
the Mongolian spots or blue nevi. The chromatophore is, according 
to Bloch, a mesodermal cell merely containing melanin pigment 
which it has phagocytozed, but is itself incapable of forming pigment. 

Bloch’s theory of the chromatophore in the skin can be recon- 
ciled \rith the epithelial school of adherents who believe that the 
melanin is produced in the basal cells of the epidermis and is dis- 
charged and taken up or phagocytozed by mesodermal cells in the 
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dermis to form tlie chromatophore. In the meninges, however, this 
conception is difficult to accept unless we introduce the presence 
of epidermal embryonic rests or consider the melanin to arise from 
the cells of the substantia nigra, locus cseruleus, and so on. It is a 
well known fact, as mentioned previously, that the number of 
chromatophores around the cerebral peduncles may be increased in 
chronic encephalitis where the cells of the substantia nigra are 
affected. Dieckmann observed nevi in the pia mater and believed 
that they gave rise to the pigmented flecks in the meninges. Accord- 
ing to him these nevi contain, besides spindle-shaped chromatophores, 
round and polygonal cells which may contain various quantities of 
melanotic pigment or may be completely free of pigment. Conse- 
quently, it is possible that these nevi may produce chromatophores, 
as Ewing ““ has demonstrated in the deep pigmented nevi of the 
skin. Ewing, however, cautions against too general an application 
of this origin of the chromatophore and believes that the adult 
chromatophores in the meninges have no connection with nevus 
cells. 

Recently an increasing collection of evidence suggests the pos- 
sibility that melanin production is always of neurectodermal origin. 
Weidenreich expressed this idea when he said that “ the primordial 
pigment cells arise from a detached portion of the neural tube.” In 
the past the leptomeninges have been considered to be entirely of 
mesodermal origin as a result of the work of His,^'^ von KoUiker,^® 
and Weed.®® The work of Oberling,®® and Harvey and Burr,®^ how- 
ever, suggests that neurectodermal elements contribute to the for- 
mation of the meninges. This would suggest that neurectodermal 
tissue might form the pigment which would then be phagocytozed 
by mesodermal cells to form chromatophores. 

Ribbert believes that the rigid distinction between chroma- 
tophore and melanoblast does not exist because under certain con- 
ditions the chromatophore can become active in the formation of 
melanin. He considers the chromatophore as a specially character- 
ized cell of mesodermal origin. In the choroid of the eye, Miescher 
observed that the dopa reaction is positive during a short period of 
embryonic life, coincident with the formation of pigment by the 
mesodermal melanoblasts, and that after birth these cells become 
dopa-negative. In other words, the chromatophores are mesodermal 
melanoblasts in a resting state. Under pathological conditions they 
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may resume their embryonic activity. Similarly, Bloch and his co- 
workers have shown that the melanin-containing cells in the me- 
ninges are dopa-positive in embryonic life but lose this reaction 
later. In aU probabihty, therefore, the melanin in the chromato- 
phores of the meninges is an autochthonous product and in the for- 
mative stages these chromatophores are true melanoblasts. Such 
an interpretation would agree with Stockard’s observations. 

Origin of Melanomas 

The origin of melanomas is still in a highly controversial state and 
presents many perplexing problems. Dawson ^ has very ably re- 
viewed this subject in his monograph. The school of Unna claims 
their origin from the epidermis. In recent years the theory of the 
nervous origin of nevi and melanomas has gained adherents. The 
mesodermal school is divided. Simon considers melanomas to arise 
from young undifferentiated cell forms; von Recklinghausen believes 
they arise from a proliferation of the endothelium of lymphatic ves- 
sels; Pick and Jadassohn believe they spring from the endothelium 
and perithelimn of blood vessels; and Ribbert believes that mel- 
anomas arise from the chromatophores and consequently calls these 
neoplasms chromatophoromas. 

The school believing in the epidermal or epithehal origin claims 
that the melanomas in the meninges arise from displaced embryonic 
ectodermal rests. Wieting and Hamdi differentiated between two 
types of pigmented tumors: the chromatophoroma consisting of cells 
which phagocytoze melanin secondarily, and melanoblastoma com- 
posed of cells which produce melanin. This school- consequently 
considers aU melanoblastomas to be of epithehal origin and many 
pupils of the ectodermal school would caU these tumors melanocar- 
cinomas, insisting that the chromatophoromas arise from cells 
which are capable only of taking in melanin pigment. Bloch does 
not see the need of such a distinction. According to him a melano- 
carcinoma arises from ectodermal melanoblasts and a melanosar- 
coma arises from mesodermal melanoblasts. 

The nervous theory has been championed by Ewing.“ Such a 
theory would explain very well the melanomas arising primarily m 
the adrenal gland since the chromaffin cells of the suprarenal medulla 
are of sympathetic origin and arise from the neurectoderm which 
gives rise to the ganglion cells and the sheath of Schwann cells. 
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Similarly, the findings of Oberling and Harvey and Burr would 
suggest that a neurectodermal origin of melanoma in the meninges 
is possible. In 1882 von Recklinghausen discussed the origin of 
nevi of the skin in relation to multiple fibromas of the sldn and 17 
years later Soldan confirmed his findings and concluded that nevi 
were a phase of neurofibromatosis. He believed the nevus was ner- 
vous in origin since he found nerve fibrils among the nevus cells. 
Laidlaw and Murray have proposed an ingenious hypothesis that 
the pigmented mole is related to the tactile spots of reptiles and 
amphibia. In his masterly work Masson rediscovered Soldan’s 
findings and elaborated upon them in detail. He found that the 
nevus cells were derived from specialized cells in the sensory nerve 
endings of the skin. The superficial pigmented nevus which occurs 
in the epidermis of the skin is derived from the epithelial-like cells 
of the Merkel-Ranvier body and the chromatophores or cells of 
Langerhans. These latter cells lie among the epithelial cells accom- 
panying the neurofibrils and are capable of producing pigment. 
(Bloch, however, claims that these Langerhans cells are not melano- 
blasts but nerve cells.) Should this type of nevus undergo malig- 
nant changes it would be a melanocarcinoma. The deep pigmented 
nevus occurring in the dermis arises from the specialized cells in the 
core of the Meissner corpuscle. As in the case of the specialized 
ceUs of the Merkel-Ranvier body, the origin of these cells is in 
doubt, although most authorities who have worked on this subject 
believe these cells are mesodermal in origin. Consequently, a malig- 
nant neoplasm arising from a Meissner corpuscle would give rise to a 
melanosarcoma. 

Stohr described occasional nerve endings in the pia which are 
very similar morphologically to the Meissner corpuscles found in the 
dermis. The close relation between the chromatophore and the nerve 
endings in the, pia mater of man has been noted by Gohnan,^^ and 
Snessarew.'^® Dieckmann,^^ and others, found nevi in the pia mater 
which bore a close resemblance to those seen in the skin. In each of 
the 2 cases of melanoma of the meninges reported by Foot and Zeek^"* 
they were able to find fibrils “in some way connected with periph- 
eral nerves” in the tumors. Their findings led them to believe that 
melanomas are derived from the nerve endings in the pia. 

Consequently, in the present study, strips of pia were stained for 
nerve endings in order to study the relation between the pigment 



6o4 


AKELAITIS 


flecks and the nerve endings. No specific relation could be discov- 
ered, yet this does not preclude the possibility that the originally 
malignant pigment flecks might have arisen from a Meissner-like 
corpuscle in the pia. 

The exact place of origin of the malignant neoplasm could not be 
found, as is usually noted in the cases reported in the literature. 
This may be understood on the basis that the meningeal involvement 
is apt to be diffuse as a result of the ease with which tumor cells can 
be disseminated over the brain by the constant flow of the cerebro- 
spinal fluid in the subarachnoid space. It is not difficult to under- 
stand, therefore, that a diffuse melanosarcomatous infiltration of the 
meninges can occur without involvement of the cerebral paren- 
chyma, as seen in the cases of Virchow,^ Stoerk," Thorel,® and Esser.^® 
The general impression of pathologists regarding diffuse tumors in 
the meninges and brain parench3mia is first that the primary seat of 
the tumor is in the meninges and secondarily that it invades the 
nervous parenchyma, as seen in the cases of Schopper,^^ Sternberg,^ 
Bosch,® Matzdorff,^^ and Lackerbauer.^^ I believe that the case 
reported here is similar since the involvement of the meninges was 
much greater than that of the parenchyma. 

In view of the rather general belief that the meninges are of 
mesodermal origin, the followers of the mesodermal school have 
felt that the occurrence of primary melanoma in the meninges was a 
proof of their theory. Baumecker ^ interpreted his findings as evi- 
dence that melanomas arise from the endothehal cells of the blood 
vessels. Many workers have noted the relation of pigmented cells 
to the blood vessels in primary melanoma of the brain, and Minelli ® 
states that such a tumor should be called a melanotic perithelioma. 
It is now generally accepted that there are no true l3miphatic 
vessels in the brain and consequently the theory of von Reckling- 
hausen could not be applied to primary melanoma of the brain. 

The views of Ribbert have been most popular in interpreting the 
origin of melanoma in the brain. Virchow ^ found all types of transi- 
tion from simple hyperplasia and hypertrophy of pigment cells to 
sarcomatous changes, and believed that the widespread melanosis 
was derived from the hyperplasia and hj'pertrophy of the chromat- 
ophores. The presence of unpigmented cells so often seen in mel- 
anomas is interpreted by Ribbert and Matedorff^' as immature 
chromatophores. Hirschberg,'* Pick,^ Koelichen,^'' Schmid,®'’ Esser,^^ 
and others believe melanomas arise from the chromatophores nor- 
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mally present in the meninges. In the cases of Boit ^ and Lindbom/® 
the tumors arose primarily in the dura mater and in view of the 
fact that chromatophores are never normally found in the dura, 
Boit believed that the chromatophoroma in his case originated 
from displaced chromatophores. 

Summary 

A review of the literature of the various hypotheses regarding the 
origin and nature of the chromatophore of the leptomeninges leads 
me to conclude that chromatophores can become active in the pro- 
duction of melanin and give rise to melanoma. This is in agreement 
with Ribbert’s view that no rigid distinction between melanoblast 
and chromatophore is possible. The chromatophores of the lepto- 
meninges are very much like those found in the choroid of the eye; 
they are mesodermal melanoblasts in a resting state. In other words, 
the melanin in the chromatophores of the meninges is an autoch- 
thonous product and not the phagocytosed pigment produced by 
other cells. Under certain pathological conditions these chroma- 
tophores or dormant melanoblasts can resume their embryonic 
activity in the production of melanin and behave like true melano- 
blasts. From the present study similar conclusions can be drawn. 
The chromatophores normally present in the pia can take on the role 
of active melanin production. The formation of the chromatophore 
from an undifferentiated round pigment cell is suggested from a 
study of the structure of the pigmented flecks found in the lepto- 
meninges. In the center of the fleck numerous, small, round pig- 
mented cells were foimd. The periphery of this core consisted of 
polymorphous pigmented cells. In the most peripheral portions 
typical stellate and spindle-shaped chromatophores were found. 
Thus, the polymorphism of the pigmented cells in the tumor can be 
considered to be due to the fact that the various cells are merely 
different transitional forms in the development of the chroma- 
tophore. This development can be illustrated in the following way: 

Round Pigmented Cells 


Polyhedral or polygonal pigmented Oval pigmented cells, with or 
cells, with or without short processes without short processes 

i i 

Stellate-shaped chromatophores Spindle-shaped chromatophores 
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Matzdorff concluded that the round pigmented cell was an in- 
complete development of the chromatophore. 

Similarly, it is apparent that the chromatophore in the pia, under 
certain pathological conditions, can take on malignant characteris- 
tics and give rise to a melanosarcoma. This is, I believe, what hap- 
pened in the case here reported. One may call this tumor a chromat- 
ophoroma or a melanoblastoma. The general appearance of the 
tumor nodules is strongly suggestive of melanosarcoma. 

No evidence could be found suggesting that the neoplasm may 
have arisen from nerve endings in the pia. The close relation 
between the chromatophores and the nerve endings in the pia mater 
of man normally is interesting. It is possible that the malignant 
condition arose from a Meissner-like corpuscle in the pia, but no 
evidence of such a phenomenon could be foimd in this case. 

Conclusions 

1. Chromatophores normally present in the pia can take on 
melanoblastic functions. It is suggested that the chromatophore is a 
resting mesodermal melanoblast. 

2 . Under pathological conditions, as in malignancy, the chromat- 
ophore can resume its melanoblastic activity and give rise to a 
primary melanosarcoma of the leptomeninges. This is, I believe, 
what occurred in the case reported here. 

3. The development of typical stellate-shaped and spindle-shaped 
chromatophores from round pigment cells is suggested by study 
of the pigmented flecks in the pia. 

4. The parenchymatous involvement was secondary and occurred 
by way of the perivascular spaces. 

5. The various t3^es of pigmented cells seen in the tumor nodules 
of the parenchyma were identical with those found in the pigmented 
flecks of the pia. 

Note. I am grateful to Drs. George H. Whipple, William S. Mc- 
Cann, William B. Hawkins and Wilbur K. Smith for valuable advice. 

I also wish to express my great appredation to Dr. George W. 
Comer, who kindly allowed me laboratory fadlities. 
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DESCRIPTION OF PLATES 
Plate 75 

Fig. ia. Lateral view of brain. 

Fig. IB. IMesial view of brain. 
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Plate 75 
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Primary ^lelanosarcoma of the Leptomeninges 




Plate 76 

Fig. 2. The pia is diffusely involved by the melanotic process. The blood 
vessels entering the cortex are outlined bj'^ the melanin cells. These are 
within the perivascular spaces. Note the lack of pigmentation in the 
medullar}'- layer. Thionin stain, x 15. 

Fig. 3. Marked infiltration of the meninges with pigment tumor cells. The 
invasion of the parenchyma by way of the perivascular spaces is well 
shown. In the cortex the perivascular spaces are filled with pigment cells. 
Van Gieson’s stain, x 30. 

Fig. 4. Strip of pia showing the relation of the pigmented cells to the blood 
vessels. Thionin stain, x 100. 
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Plate 77 

Fig. 5. Small pigmented flecks in the pia. The chromatophores are seen radiat- 
ing out from the center. Snessarew’s modification of Cajal’s technique. 
X 75 - 

Fig. 6. Drawing to show the various pigmented cells which form the pigmented 
fleck. Van Gieson’s stain, x 75. 

Fig. 7. Drawing to illustrate the development of the spindle-shaped chro- 
matophore. i = round pigmented cell; 2 = oval pigmented cell without 
processes; 3 = oval pigmented cell with short processes; 4 = young 
spindle-shaped chromatophore; 5 = mature chromatophore; 6 = giant 
chromatophore with double nuclei. Unstained, x 300. 
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Plate 77 




Plate 78 

Fig. 8. Drawing illustrating the development of the stellate chromatophore. 
I = round cell; 2 = polyhedral cell without processes; 3 = polyhedral cell 
with short processes; 4 = the mature chromatophore; 5 = chromatophore 
with double nuclei. Unstained, x 430. 
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Plate 78 
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Plate 79 

Fig. 9. Drawing showing a nerve ending in the pia. Snessarew’s modification 
of Cajal’s technique, x 200. 

Fig. 10. Tumor nodule in the brain parenchyma. The infiltrative nature of 
the tumor into the surrounding brain substance is well shown at the periph- 
ery of the tumor. This infiltration occurs through the perivascular spaces 
and is limited to the cortex. The meninges show moderate infiltration. 
The dilated blood vessels are outlined by collars of pigmented cells. 
Hematoxylin-eosin stain. . x 20. 
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Plate 79 
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Plate 8o 


Fig. II. Field in the periphery of the tumor nodule showing the whorl-like 
formation of the tumor composed of spindle-shaped chromatophores. The 
perivascular spaces are filled with various types of pigmented tumor cells. 
Hematox3din-eosin. x loo. 

Fig. 12. Interior of tumor in the cortex. The sarcomatous appearance is due 
to the compact arrangement of the spindle-shaped chromatophores. 
Numerous round and polyhedral pigmented cells are scattered throughout. 
Van Gieson’s stain, x 430. 
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Plate 8o 
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Plate 8i 

Fig. 13. Field near the periphery of the tumor in the parenchj'ma showing 
reticulum and collagen fibers. The melanin granules are greath' decolor- 
ized. Perdrau’s stain, x 430. 









THE INFLUENCE OF ANAPHYLACTIC SHOCK ON THE FINER 
STRUCTURE OF THE LIVER IN THE DOG * 

Harold L. Weatherford, Pli.D. 

{From the Department of Anatomy, Harvard University Medical School, Bostoti, Mass.) 

The S3anptoms of anaphylactic shock in the dog have been de- 
scribed so often as to become classical. Much is known, also, of the 
various physiological manifestations of anaphylaxis. But the his- 
tological descriptions are few, meager, and usually incidental to 
physiological or immunological studies. There is no adequate record 
of the finer histological or cytological details. It is my intention to 
describe some of the finer changes in the liver of the dog in anaphy- 
lactic shock and to attempt, at least, to correlate some of these 
changes with the already known physiological facts. 

Material and Methods 

Medium sized dogs (7 to 12 kg. body weight) were used for the 
experiments. Care was exercised in their selection, irritable and 
nervous animals being discarded. 

White of egg, diluted i : 10 wnth distilled water and filtered, was 
injected subcutaneously in 5 cc. doses on 3 successive days, and 
after a sensitization period of about 3 weeks the dogs were prepared 
for experimentation. Food was removed in the late afternoon to in- 
sure that the cellular pictures of the liver would be approximately the 
same in all dogs. The following morning a long glass cannula was 
inserted, under local anesthesia, into the thoracic duct. The rise of 
lymph in the cannula was measured for a period of an hour. Then 
20 cc. of the diluted eggwhite was injected intravenously. Almost 
immediately the dogs began to show symptoms of uneasiness and 
quickly went into shock. Individual dogs act differently, but usually 
there is a period of primary shock followed by signs of improvement 
or recovery. Generally, however, the period of improvement is of 
short duration, and is followed by a secondary shock, more severe 
and lasting longer tlian the primary one. 

* The experimental part of this study was done in the Pathological Laboratory of 
the University of Illinois, College of Medicine, Chicago. I desire to thank Professor 
William F. Petersen for the facilities which were afforded me. 

Received for publication March 15, 1935. 
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At difierent times, usually when the visible effects of shock had 
begun to cease, hepatic tissue was removed for microscopical 
study. An opening into the abdominal cavity was made under local 
anesthesia and in most cases a cannula was inserted into one of the 
large tributaries of the portal vein, instead of directly, so as to cause 
no interruption of the hepatic circulation. Sodium chloride in 0.9 
per cent aqueous solution or a 10 per cent aqueous solution of su- 
crose at 38° C. was perfused through the liver and allowed to escape 
through an opening in the inferior vena cava above the diaphragm. 
Precaution was taken not to permit the pressure of the perfusing 
fluid to rise appreciably above the normal blood pressure of the dog. 
When the perfusing fluid began to escape only slightly tinged with 
blood the dog was killed with ether. The perfusion was continued 
for a short time, and then was followed by a warm mixture of 80 vol- 
lunes of a 3 per cent aqueous solution of potassium dichromate and 
20 volumes of formaldehyde solution. After some quantity of the 
fixation fluid had passed through the liver, the inferior vena cava 
and the portal vein were closed by ligatures. The liver was bathed 
in situ with the fixation solution, and in a half to i hour it was re- 
moved and small pieces cut out and put into fresh solution for 3 
days. The pieces were then placed in an aqueous solution of 3 per 
cent potassium dichromate which was changed on alternate days for 
a week. In other dogs the livers were not perfused, but small 
pieces were cut out and fixed immediately. Material from the 
livers of normal dogs was treated in a manner similar to that from 
dogs in anaphylactic shock. 

Serial sections were cut thick from material embedded by the 
celloidin-paraffin method. The stains employed were Heidenhain’s 
iron-hematoxylin, Mallory’s phosphotungstic acid hematoxylin and 
Volkonsky’s modification of the Altmarm anilin - acid fuchsin 
method. Satisfactory and comparable results were obtained with 
aU three stains. In addition some sections were stained with hema- 
toxylin and eosin and by the Heidenhain “azan” method. 

Observations 

The Liver in Primary Anaphylactic Shock: The injection of antigen 
into a sensitized dog is followed quickly by an acute congestion of 
the liver and a marked fall in arterial blood pressure. The histo- 
logical picture is one of passive hyperemia. In livers fixed wthin 
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15 minutes after injection, the sinusoids and central veins of 
the hepatic lobules are dilated widely. The sublobular and larger 
tributaries of the hepatic veins are found wide and patent. Less dila- 
tation is observed in the branches of the portal vein. Beneath the 
capsule of Glisson and in the loose connective tissue of the portal 
spaces, also around the central veins, there occur small patches of 
hemorrhage. 

Generali}'- the endothelial lining of the hepatic sinusoids shows no 
morphological alterations. In places, however, the endothelium is 
thrust away from the parenchyma, and fine reticular fibrils bridge 
the space. Some polymorphonuclear neutrophile leukocytes and a 
few free histiocytes (reticulo-endothelial cells) are present in the 
sinusoids, besides in and around the central veins. A few erythro- 
C)des may be seen between the sinusoidal endothelium and the 
hepatic parenchyma. 

Concomitant with the passive hyperemia of the liver there occurs 
a marked increase of lymph-flow from the cannula inserted into the 
thoracic duct. Direct measurements of the lymph-flow reveal as 
much as an 8.5 times increase in the hour following the injection of 
antigen over the hour preceding. This lymphagogue effect begins 
immediately upon injection and reaches a maximum in 7 to 15 
minutes, then diminishes, but the pre-injection level is not reached 
before i or more hours. There is an accumulation of lymph between 
the sinusoidal endothelium and the hepatic parenchyma: the lym- 
phatic vessels in the walls of the central veins and larger tributaries 
of the hepatic veins are dilated widely, and considerable dilatation 
of the lymphatic vessels in the portal spaces occurs. 

These early stages of primary anaphylactic shock display little 
parenchymatous damage. The hepatic cells in the central zone of 
the lobules reveal some swelling, their cytoplasm shows more granu- 
lations, and there is the beginning of “cloudy swelling.” Cells ad- 
jacent to the central vein often show vacuolization of the cytoplasm. 
Karyorrhexis, or even loss of nucleus, was observed in a few in- 
stances. 

Parenchymatous changes are not of the same degree in all livers. 
Individual dogs react differently, but the sequence of hepatic altera- 
tions is very similar in all animals. 

T//e Liver in Secondary Anaphylactic Shock: Generally after 10 or 
1 5 minutes, although the time may be prolonged a little, the dog in 
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shock begins to present a second series of symptoms. These symp- 
toms are usually more severe than those of primary shock. 

Marked swelling of the parenchyma is a feature of this stage. 
Considerable differences, however, are noted in individual hepatic 
cells. A large number of cells in the central zone of the lobule ex- 
hibit varying degrees of swelling, some being greatly swollen, while 
others show swelling to a lesser degree or not at aU. In severe shock 
the swelling may extend into the midzone, but not even in dogs 
d)dng in shock was any disorganization observed in the peripheral 
zone of the lobule. 

The swollen parenchymatous cells undergo typical “cloudy 
swelling”: the cytoplasm shows more apparent granulation. The 
granules through imbibition become enlarged into minute vesicles, 
the centers exhibiting diminished reaction to acid dyes, while the 
peripheries stain well. A later coalescence of vesicles leads to vac- 
uole formation. Most cells in the central zone of the lobule, and a 
large number of those especially in the first j)art of the midzone, 
appear vacuolated. In certain cells the vacuoles reach some size, 
leaving but a small area of cytoplasm around the nucleus and thin 
septa between the vacuoles. As a sequel to “cloudy swelling” hy- 
dropic necrosis sets in. Large numbers of cells in the central zone 
and inner parts of the midzone display vesicles containing the 
hyaline balls from hydrops, which stain well with eosin and Mal- 
lory’s phosphotungstic acid hematoxylin. 

Accompanying these cytoplasmic changes, the nuclei of some of 
the parenchymatous cells imdergo progressive alterations. The 
changes are confined mainly to a few rows of cells surrounding the 
central veins. First the nuclei stain less well, then they become 
shattered, and finally there is a complete dissolution of the nuclear 
remnants. 

The extensive swelling of the hepatic parenchyma leads to a nar- 
rowing of the sinusoids. Practically all of the sinusoids in the central 
zone of the lobule are clamped down, and there is a diminution in 
caliber usually of those in the midzone. The central veins and the 
tributaries of the hepatic veins, likewise, are diminished in caliber. 
Near the periphery of the lobule the sinusoids are considerably 
wider. In the narrowed sinusoids, some of which are so reduced that 
erythrocytes can pass through only in single file, there is a stasis of 
blood. Later the individual erythrocjtes lose their identity. The 
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central sinusoids thereby are plugged by hyaline masses. Often the 
same is true of the much reduced central veins. 

The endothelial lining of the sinusoids is pushed away from the 
hepatic cords, so that the Kupffer cells and endothelial cells stand 
out prominently. The reticular fibers of the Kupffer cells are clearly 
discernible. Sometimes erythrocytes and polymorphonuclear neu- 
trophile leukocytes lie between the endothelium and the paren- 
ch5ana. Occasionally the endothelial lining is broken. In places the 
endothelium seems thickened; whether the thickening is real or 
merely a deceptive appearance cannot be said. Near the periphery 
of the lobule, where the sinusoids are considerably wider, the endo- 
thelium adheres more intimately to the hepatic cells. 

Within the sinusoids, also in the loose engorged connective tissue 
around the central veins and tributaries of the hepatic veins, are 
found numerous polymorphonuclear neutrophile leukocytes, a con- 
siderable number of free histiocytes, and a few lymphocytes. Cells 
of all these types are more numerous than during primary shock. 
The Kupffer cells and the histiocytes display considerable vacuoli- 
zation. Some of the vacuoles contain a yellowish brown pigment or 
whole erythrocytes and those in various stages of disintegration. 

Many of the hepatic cells in the centers of the lobules have taken 
up whole erythrocytes. An individual hepatic cell may contain 
from one to (by actual count) thirty erythrocytes within its body. 
This taking up of erythrocytes leads to much enlargement of the 
cells, the nuclei being pushed eccentrically. The number of hepatic 
cells taking up erythrocytes is proportional to the severity of the 
shock. 

Preparations subjected to the Prussian blue reaction reveal a con- 
siderable amount of iron in some Kupffer cells, histiocytes and 
hepatic cells. The liver of the normal dog gave but a slight reaction. 
This increased reaction for iron becomes significant when the inges- 
tion of erythrocytes and their subsequent disintegration are taken 
into account. But it must be borne in mind that the increased re- 
action for iron does not mean necessarily that all the iron has been 
derived from erythrocytes. Anaphylactic shock may have unmasked 
iron which is normally present and which is not displayed ordinarily. 

An interesting feature of the dog’s liver is the remarkable develop- 
ment of smooth musculature around the tributaries of the hepatic 
veins. The sublob ular veins are surroimded more or less completely 
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by a thick layer of muscle, while the larger hepatic tributaries dis- 
play more muscle tissue on one side than the other. 

CJwndriosomal Changes: Since chondriosomes are the easiest and 
earliest altered of the cytoplasmic inclusions, changes in these or- 
ganoids may be expected in anaphylactic shock. Morpholo^cal 
descriptions of chondriosomes are beset with difficulties because of 
differences in functional conditions and in methods of technique. 
Nevertheless, certain changes in chondriosomes may be seen under 
both physiological and pathological conditions when the tissues 
are compared with those of normal animals kept under identical 
circumstances. 

The hepatic lobule of the dog may be clearly marked out by the 
morphology of chondriosomes into three characteristic zones, al- 
though some differences are shown within each zone. In the liver 
of the normal dog chondriosomes are present in the parenchymatous 
cells in the form of spherules, rods and filaments. Suitably fixed and 
stained preparations show an abimdance and fairly even distribution 
of chondriosomes. In dogs without food for i8 to 20 hours the he- 
patic cells in the central zone of the lobule contain a predominance 
of spherules, variable in size, although short rods are often present, 
while in individual cells filaments may be seen lying between the 
spherules and rods. Generally the cells, three or four deep, surround- 
ing the central vein contain almost exclusively spherical chondno- 
somes or mitochondria. The chondriosomes in the midzone of the 
lobule are for the most part longer than in the central zone. Fila- 
ments abound, but some rods of different lengths and spherules are 
to be seen in many cells. In the peripheral zone of the lobule fila- 
ments — usually longer and thinner — appear in abundance. Indi- 
vidual cells, however, may contain a large number of rods and 
spherules. This is especially true of the most peripheral layer of 
hepatic cells adjacent to the portal spaces, where often are present 
spherules of greater diameter than found elsewhere in the lobule. 
Also, certain lobules have been observed in which cells abutting the 
portal spaces contain exclusively filamentous chondriosomes. The 
lability of these organoids makes it difficult to state just what is a 
normal appearance. 

During the different stages of anaphylactic shock, and corre- 
sponding vdth the various degrees of shock, many alterations of 
chondriosomes occur in the hepatic cells. In mild or in primary 
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shock many of the spherical chondriosomes in the central zone of the 
lobule become swollen and vacuolated. Individual chondriosomes 
display clear centers and peripheral stained hulls. Sometimes the 
stained part is all on one side like a crescent. Diminution of staining 
capacity is very evident, and in some of the most central cells there 
is a complete loss of mitochondria by chondriolysis. In the midzone 
and peripheral zone of the lobule there is little or no change in the 
chondriosomes, except in certain cells of the midzone where they 
appear as swollen spherules and rods. 

Severe anaphylactic shock causes greater alteration of the chon- 
driosomes. In the hepatic cells surrounding the central vein of the 
lobules there may be a complete loss of mitochondria, depending 
upon the extent of the central necrosis. Further out, accompanying 
the ‘'cloudy swelling,’^ the changes in the chondriosomes go hand 
in hand with the general swelling of the granules of the ground cyto- 
plasm and the vacuolization of the cells. Rods increase in caliber 
and segment into spherules; these swell, vacuolate, and some 
undergo dissolution. Cells filled with numerous or large vacuoles 
show a dispersion of chondriosomes between the vacuoles, around 
the nuclear membrane, and toward the periphery of the cells. In the 
midzone, particularly in the inner part, the filamentous chondrio- 
somes are segmented mostly into rods and spherules. As a rule the 
degeneration of chondriosomes does not extend very far peripherally. 
Chondriosomes in the outer part of the midzone and in the peripheral 
zone, except in certain “dark cells,” appear quite similar to those in 
the hepatic ceUs of normal dogs. 

It is interesting to follow in some detail the sequence of degenera- 
tion of chondriosomes. Filaments (chondriocontes) may become 
beaded along their whole length, or in the middle, or may present 
blebs at one or both ends. Segmentation may occur between the 
beads, or the beads may swell and burst, thus shortening the fila- 
ments. A similar process occurs in the rods. Spherules Cmitochon- 
dria) degenerate, first by swelling and vacuolization, followed by 
shattering and dissolution of the fragments. Chondriolysis, as here 
described, is usually an accompaniment to karyorrhexis and karyo- 
lysis. Another form of degeneration of chondriosomes will be re- 
counted in connection with certain “dark cells.” 

Dark Cells: The literature abounds with descriptions of “dark” 
and “light” cells in the liver. In the liver of the normal dog both 
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dark and light cells are found in varying numbers. At the periphery 
of the hepatic lobule a single row, occasionally in places two cells 
deep, of dark cells lies tangential to the portal spaces and sometimes 
extends out along the interlobular vessels. In addition single dark 
cells or small groups of two, three, or four cells may be present 
almost anywhere in the lobule, especially in the midzone and periph- 
eral zone. Anaphylactic shock appears to cause an increase of dark 
cells in both of these situations. 

The peripheral or tangential dark cells are to be distinguished 
from the hepatic cells further in the lobule by their tinctorial reac- 
tions and by the character of their non-vacuolated, more or less 
homogeneous cytoplasm. In ordinary hematoxylin and eosin prepa- 
rations the cytoplasm displays an intense afiSnity for the acid dye, 
besides often showing a distinct basophilic tinge. Mallory’s phos- 
photungstic acid hematoxylin and Heidenhain’s iron hematoxylin 
reveal an abundance of chondriosomes in the peripheral dark cells, 
so they may be spoken of as choiidriosome-rich cells. From their loca- 
tion in the lobule, from their size and shape, and from nuclear and 
cytoplasmic characteristics these cells are without doubt hepatic 
cells. No transitional forms have been observed between them and 
the epithelial cells lining the intrahepatic bile ducts. Since the 
branches of the hepatic artery enter at the periphery of the lobule, 
it is reasonable to assume that these peripheral or tangential dark 
cells are better nourished than the cells further in. This increased 
nourishment may account, in part, for the abimdance of chon- 
driosomes. In many preparations the chondriosomes are present in 
the form of long slender filaments, but frequently the filaments are 
replaced by spherules, approximately twice the diameter of those 
in the hepatic cells around the central vein. The possible significance 
of these large spherules will be taken up later in the discussion. 
There can be scarcely any doubt that the peripheral dark cells are 
normal, because they display neither cytoplasmic nor nuclear signs 
of degeneration. Mitoses have been encountered in the peripheral 
dark cells, also cells have been observed with two nuclei. 

The other more scattered form of dark cells, on the contrary, 
shows signs of both cytoplasmic and nuclear degeneration. The 
extensive destruction of the hepatic parenchyma in the center of the 
lobule incident to anaphylactic shock leads to a proliferation of cells 
further out, as attested both by mitotic figures and by the increment 
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of binucleate cells. Other cells, especially in the midzone and periph- 
eral zone of the hepatic lobule, being perhaps toward the end of 
their cytomorphosis, undergo degeneration. These last cells display 
an enlargement of chondriosomes, which later become clumped 
together so that individual forms are not discerned, or are seen with 
difficulty. Accompanying the changes in cytoplasmic inclusions the 
nuclei undergo pyknosis. The cells become shrunken, irregular, and 
both nuclei and cytoplasm stain uniformly dark. Finally, only dark 
staining masses lie amid cells of perfectly normal appearance. These 
degeneration cells have been observed also on occasion lying between 
the undegenerated peripheral dark cells. 

Discussion 

It is well established that anaph3dactic shock in the dog is asso- 
ciated with marked circulatory disturbances which presumably are 
located on the venous side. The passive congestion of the intestines 
and liver, whether because of a relaxation of the capillaries which 
increases the capacity of these organs, or from some impediment to 
the outflow from the liver, causes an insufficient return of blood 
to the heart. Coincident with this passive congestion there is a 
marked fall in arterial blood pressure. 

Manwaring ^ pointed out the importance of the liver in the pro- 
duction of anaphylactic shock in the dog. Voegtlin and Bernheim ^ 
and Denecke ^ supported Manwaring’s view, because when the liver 
was isolated from the circulation by an Eck fistula and ligature of 
the hepatic artery, it was impossible to produce the anaphylactic 
state. Subsequent investigators, while recognizing the role of the 
liver, have not been in agreement as to the mechanism involved by 
which this organ participates. 

It was thought by Manwaring^ that vasodilator substances 
liberated by the hepatic parench3Tna act upon the systemic blood 
vessels and bring about a reduction of blood pressure. Biedl and 
Kraus ^ believed that toxic peptone-like bodies derived by pro- 
teolysis from the injected antigen into a sensitized dog caused the 
fall in blood pressure, through a paralysis of the vasoconstrictor 
nerve endings. Weil ® was against the idea of a circulating toxin and 
assumed that reactions taking jilace in the sensitized hepatic cells 
are responsible for anaphylactic shock in the dog. The congestion of 
the liver was considered secondary to irritation of the parench3mia. 
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On the contrary, Simonds ° attributed the passive congestion of 
the liver in anaphylactic and peptone shock in the dog to a local 
venous constriction, caused by a spasm of the extensively developed 
smooth musculature in the walls of the hepatic veins and their 
tributaries. Mautner and Pick ' had shown that the hepatic veins 
of dogs were constricted by histamine. The existence of these 
at3^ical veins in the liver of the dog is well established and their 
spasmodic closure would help explain some of the similarities of 
anaphylactic, peptone and histamine shocks. But several investi- 
gators have entered objections to the theory of Simonds. Man- 
waring and Brill ® were unable to demonstrate a veno-constriction 
when a mixture of epinephrin and barium chloride, ergotin, or 
Vaughan’s protein spKt-product was perfused through the isolated 
liver of the dog. Manwaring and his associates ® considered that 
one of the important factors in anaphylactic shock in the dog was 
increased permeability of the sinusoidal endothelium. An explosive 
edema accompanied by swelling of the parenchymatous cells of the 
liver increases local tissue pressure sufficiently to cause passive con- 
striction of the sinusoids and hepatic veins. A stasis of blood in the 
sinusoids and narrowed hepatic veins is brought about by the in- 
crease of viscosity through the loss of fluid. Leukocytic deposits 
may be a minor factor in increasing the resistance. 

Petersen and his collaborators have taken the similar 

stand, that anaphylactic shock in the dog consists primarily of an 
endothelial shock. As the result of stimulation, or of irritation, the 
permeability of the endothelium is increased, especially in the 
splanchnic area. An enormous quantity of fluid is forced into the 
hepatic lymphatics, distending the Hver, disorganizing the capil- 
laries, and allowing the escape of blood corpuscles into the lymph. 
The specific protein to which the cells have been sensitized leaves 
the capillaries rapidly and comes in contact with the parench}miat- 
ous cells, resiflting in a primary shock. The passive congestion pro- 
duces more injury, giving rise to a secondary shock. An ‘'endo- 
thelial blockade” accomplished by injections of saccharated oxide 
of iron alters the intensity of the shock, either as a true blockade, 
or by increasing the activity of the endothelium, involving perhaps 
a more rapid destruction of the antigen, thereby protecting the 
parenchjmatous cells. 

Finally, Zinsser in summary wrote: “While we have no positive 
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knowledge of the site of the anaphylactic reaction within the body, 
it is more than likely that the primary point of attack is in the 
reticulo-endothelial system.” Even if this supposition be true, we 
do not know whether the antigen injected into a sensitized dog acts 
directly upon the endothelium, increasing its permeability, or upon 
nerve endings, affecting the vasomotor mechanism. A study of the 
possible influence of the nervous system in the production of anaphy- 
lactic shock is now in progress. 

How is the remarkable increase of l3nnph-flow from the thoracic 
duct during anaphylactic shock to be accounted for? The well 
known conclusions of Starling that the whole increase of l}Tnph 
obtained on obstruction of the inferior vena cava above the dia- 
phragm is derived from the liver,” have not been substantiated 
fully by more recent investigators. Markowitz and Mann thought 
that the liver, while tontributing a part of the lymph to the thoracic 
duct, played a lesser role than supposed by Starling. When the 
periportal lymphatics were ligated no change was noticed, except a 
temporary increase of lymph-flow, which could be attributed to the 
intestines and operative manipulations. After the removal of the 
liver, there was found no diminution of lymph-flow. Peptone pro- 
duced the usual l 3 anphagogue effect in the hepatectomized dog, in 
which Markowitz and Mann considered that the lymph came 
largely from the intestines. Drinker and Field are inclined, like- 
wise, toward the idea that the liver is not, but the intestines are, the 
main source of lymph from the abdomen. 

The increase of intraportal pressure, owing to the congestion of 
the liver and other organs of the splanchnic area, favors the pas- 
sage of fluid out of the capillaries as lymph. Asphyxia is an early 
S5anptom of acute anaphylactic shock; this deprivation of oxygen to 
the tissues would increase capillary permeability and facilitate the 
flow of l3nnph. Wfliile we can argue only from analogy, the chemical 
studies of Petersen and his associates are convincing that anaphy- 
lactic shock in the dog alters the lymph picture and strongly sug- 
gests an increase of capillary permeability. 

Serial sections of the liver of the dog reveal two sets of lymphatic 
vessels, — one in the portal spaces, the other around the tributaries 
of the hepatic veins, and none within the hepatic lobules. Similar 
observations have been pointed out by Herring and Simpson in 
the dog and cat, and by Lee who ligated the thoracic duct in the 
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cat and obtained a retrograde injection of the lymphatics in the 
liver. Since the liver has a dual drainage, part to the hepatic lymph 
glands and part to the diaphragmatic lymph glands, it seems reason- 
able that some lymph from the organ never reaches the thoracic 
duct, but flows eventually into the right lymphatic duct. For this 
reason, and because of the congestion of the intestines, in anaphy- 
lactic shock we have no idea how much of the increase of l3miph- 
flow from the thoracic duct is derived from the liver. 

The congestion of the sinusoids and efferent veins of the Hver and 
the swelling of the parenchymatous cells in the centers of the hepatic 
lobules in primary anaphylactic shock confirm the observations of 
Weil,^ Manwaring, French and Brill,® and Dean and Webb.^® It is 
only in secondary shock, where an increased swelling and necrosis 
of the cells is accompanied by perivascular edema, that a narrowing 
of the sinusoids, hepatic veins and their tributaries occurs. Mal- 
lory,®® in introducing the term central necrosis, described a com- 
parable picture of the liver, and thought that this type of necrosis 
was brought about by toxic action. Since the parenchymatous cells 
in the centers of the lobules are not so well nourished as those toward 
the periphery, being further removed from the blood brought in by 
the hepatic artery, they are more labile and susceptible to injur}^ 
Later observers, as Zimmerman and Hillsman,®^ Bolton and Bar- 
nard,®® and Simonds and CaUaway ®^ agree with Mallory that the 
centers of the hepatic lobules are less resistant because they are 
removed further from the source of nutriment, but doubt that toxic 
action plays a role in the production of central necrosis from venous 
stagnation. 

From the above accounts it would appear that uncomplicated 
venous stasis in the liver causes injuries to the parenchymatous 
cells, which parallel those brought about by anaphylactic shock. 
There occur the same parenchymatous sweUing, karyorrhexis and 
karyolysis, followed by cytolysis of the cells in the central zone. 
The sinusoids are narrowed by the swelling of the parenchyma and 
the perivascular edema, and hyaline thrombi appear in many places. 
But the presence of focal necroses in the midzone and peripheral 
zone of the hepatic lobule, in which the cells undergo homogeneous 
atrophy, does not occur in cases of simple passive congestion of the 
hver. Such necroses were looked upon by Flexner,®^ Mallory,' 
Pearce,®'^ Fiessinger, ®®’ ®' and Karsner and Aub ®® as toxic in origin. 
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I am of the same opinion, and in addition regard the extensive 
lesions in the centers of the hepatic lobules in secondary shock as of 
toxic origin. This view is shared by Weil, Manwaring, Dean and 
Webb, and others, from observations on anaphylactic shock in the 
dog, and by Apitz in the rabbit. Furthermore, how are we to ex- 
plain the clamping down of the hepatic veins and their tributaries 
on the ground of simple uncomplicated passive congestion? Here 
again it seems that there must be some toxic product liberated in 
anaphylactic shock which acts upon the extensively developed 
smooth musculature in these veins, since constriction was observed 
only in secondary shock. Finally, the taking up of whole erythro- 
cytes by the hepatic cells, a feature of severe anaphylactic shock in 
the dog, is unknown as a sequel to passive hyperemia of the Hver. 
Browicz®”’ in a series of papers reported the presence of whole 
erythrocytes in the hepatic cells of the dog following intravenous 
injections of hemoglobin and of defibrinated blood. He accepted 
the existence of intracellular canaliculi communicating with the 
sinusoids, a view that has not remained unchallenged. Rossle,®^ 
in a case of human hepatic cirrhosis, observed erythrocytes not only 
in the parenchymatous cells of the liver, but also in the pancreas 
and kidney. Capillary failure was attributed as the cause. The evi- 
dences of increase of capillary permeability, disorganization of the 
sinusoidal endothelium and parenchymatous necroses detailed in 
severe anaphylactic shock in the dog make it quite possible that 
erythrocytes may pass either by diapedesis through the endothelium 
or directly into the injured hepatic cells. The increment of iron seen 
by me, and described by others, in the Kupffer cells and paren- 
chymatous cells is at least suggestive in this connection. 

Mayer, Rathery, and Schaeffer®^ studied the degeneration of 
chondriosomes in the liver and emphasized the ease with which these 
cytoplasmic inclusions are altered. They pointed out two types of 
alterations, namely, by cytolysis and by homogeneous atrophy. 
Both of these types of chondriolysis were stated to occur after 
various poisons, mineral and organic, also as the result of microbic 
toxins and those of aiitolysis. Similar types of degeneration present 
themselves in the hepatic cells of the anaphylactic dog. In the first 
type the chondriosomes, particularly in the central zones of the 
hepatic lobules, undergo segmentation, round off and become trans- 
formed into vesicles with clear centers. A complete dissolution is 
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the final outcome. This type of chondriolysis manifests itself in the 
cells where “cloudy swelling” is most evident. Smith and Rettie ^ 
reported similar observations. It is probable that some of the hyper- 
trophied granules mentioned by Landsteiner in his study of 
“cloudy swelling” are likewise mitochondria. H}T3otonic solutions 
according to Bang and Sjovall/® Anitschkow/^ Smith and Rettie,^ 
and others produce the same type of chondriosomal degeneration. 
It would appear that the imbibition of fluid from the ground cyto- 
plasm causes the chondriosomes to swell, lose their staining capacity, 
and finally to undergo dissolution. 

The homogeneous atrophy of chondriosomes was observed only 
in dark cells of the degeneration type. These cells, confined mostly 
to the midzone and peripheral zone of the hepatic lobule, are with- 
out doubt toward the end of their cytomorphosis. Fiessinger in- 
cluded them in his general group of dark cells, for which he offered 
three interpretations: (i) artifact of preparation; (2) state of func- 
tioning; (3) pathological alteration. That the cells are artifacts he 
thought could be dismissed, because with the same fixation hepatic 
dark cells are found rarely in the guinea pig and frequently in the 
dog. Moreover, using mitochondrial methods, chondriosomes are 
brought out very clearly and evenly spaced in the light cells, whereas 
they are condensed and lie close together in the dark cells. Cohn 
distinguished light and dark cells in the liver of the mouse, dog, cat, 
rabbit and guinea pig, and thought that the two appearances repre- 
sented a different functional state. A number of authors from inani- 
tion studies have concluded the same thing, because in a state of 
complete inanition the number of dark cells is increased, while in 
well nourished animals their number is reduced or absent. I believe 
that this is true, as regards the peripheral dark cells, but the condi- 
tion of the chondriosomes in the more scattered form is evidence to 
the contrary. The third interpretation, that the dark cells represent 
pathological alterations, has the support of the experimental studies 
of Fiessinger,^'^ Policard,^® Fiessinger and Lyon-Caen,’° and several 
later workers. From the appearances that I have observed in the 
livers of dogs in different stages of anaphylactic shock, and shock of 
var^dng degrees of severity, I think that there are two types of dark 
cells; one type, clearly degenerative, may be derived either from 
light cells or from’ the other type, the peripheral or tangential dark 
cells. These peripheral or tangential dark cells, distinguished by 
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Rumjanzev, Kutsuna,'^ Rabl,'*® Clara/® Pfuhl/® and others 

represent without much doubt normal cells. The chondriosomes in 
these dark cells, besides being ver}'- abundant, appear normal. The 
suggestion of Bohm and of Pfuhl that these cells represent 
functional states is timely, because the periphery of the hepatic 
lobule is better nourished, receiving blood from both branches of the 
hepatic arter}'- and portal vein. 

In certain cells or groups of cells on or near the periphery of the 
hepatic lobule, particularly adjacent to the portal spaces, large 
spherical cliondriosomes occur having about twice the diameter of 
the spherules in the cells surrounding the central vein. Because of 
the location of these cells it was considered that a stasis of bile 
might account for the appearances of the chondriosomes. Fiessinger 
and Lyon-Caen^^ observed the transformation of rod-like chon- 
driosomes into spherules when a hypersecretion of bile was provoked 
in the dog by intravenous injections of hemoglobin. Bang and 
Sjovall described chondriosomes becoming spherical when pieces 
of frog’s liver were treated with bile. Albot noticed the same effect 
after ligation of the common bile duct in the rabbit. 

Summary 

1. Anaphylactic shock in the dog presents two characteristic 
stages: (a) a primary shock, usually of short duration; and (b) a 
secondary shock, more severe and prolonged. 

2. An extreme congestion of the liver, a marked faU in arterial 
blood pressure, and an increase of flow of lymph from the thoracic 
duct are displayed as features of primary shock. Some swelling of 
the hepatic cells appears in the centers of the lobules. 

3. Secondary shock produces more damage to the parenchyma 
of the Hver, as cloudy swelling,” hydrops, vacuolization of the cyto- 
plasm, and finally a central necrosis. Accompanying these degen- 
erative changes there is found a diminution in caliber of the sinusoids 
of the hepatic lobules, also of the efferent veins of the liver. A stasis 
of blood in the narrowed sinusoids leads to formation of hyaline 
plugs or thrombi. 

4. A disorganization of the sinusoidal endothelium, proliferation 
of the endothelial cells, and increased phagocytosis by the Kupffer 
cells are very evident. The taking up of whole erythrocytes by the 
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parenchymatous cells of the liver is noted in severe secondary shock. 
Both the hepatic ceUs and Kupffer cells reveal an increment of iron. 

5. Chondriosomes reflect the extent of parenchymatous injury. 
In the centers of the lobules spherical chondriosomes abound. Later, 
in some of the most central cells, chondriolysis occurs accompanying 
karyorrhexis and karyolysis. Homogeneous atrophy preceded by 
chondriomegaly appears in certain cells or groups of ceUs in the 
midzone and peripheral zone of the hepatic lobule. Two forms of 
“dark ceUs” may be differentiated on the basis of nuclear and cyto- 
plasmic appearances. 
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Plate 82 

Figures i to 6 were drawn with the aid of a camera lucida at an approximate 
magnification of 360 x from preparations fixed in Regaud’s potassium dichro- 
mate and formaldehyde mixture and stained by Mallory’s phosphotungstic 
add hematoxylin method. 

Fig. I. Normal dog. A sinusoid is shown entering into a central vein of the 
liver. Chondriosomes are pictured largely as spherules, while some rods 
and short filaments are present. 

Fig. 2. Normal dog. Portal space. Tangential dark cells are shown at the 
periphery of a hepatic lobule. 

Fig, 3. Anaphylactic dog. Secondary shock, A central vein is depicted filled 
with a hyaline mass and blood cells. Note the group of detached hepatic 
cells which lie within the lumen of the vein. Some hepatic cells appear 
swollen and contain hyaline balls of hydropic necrosis. The sinusoids 
show narrowing. 

Fig. 4. Anaphylactic dog. Primary shock. The sinusoids are not narrowed. 
Pericentral lymphatics are distended. Free hepatic cells lie in the lumen 
of a central vein. 

Fig. s- Anaphylactic dog. Primary shock. Notice that the pericentral lym- 
phatics display greater distention than those in Fig. 4. Erythrocytes may 
be observed within the lymphatic vessels. Histiocytes, leukocytes and 
erythrocytes are present in the connective tissue sheath of the vein. 

Fig. 6. Anaphylactic dog. Secondary shock. Portal space. The lymphatic 
vessels show some dilatation. Tangential dark cells are portrayed mostly 
with filamentous and rod-like chondriosomes. 
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Plate 83 

Figures 7, 9, and ii were drawn at an approximate magnification of 940 x 
and Figures 8, 10, and 12 of 1150 x from preparations fixed in Regaud’s potas- 
sium dichromate and formaldeh3’^de mixture and stained b\" jMallorj^’s phos- 
photungstic acid hematox3din method. 

Fig. 7. Anaph3fiactic dog. Secondar3’^ shock. Hepatic cells adjacent to the 
central vein show spherical and rod-like chondriosomes, with beading of 
some of the longer forms. 

Fig. 8. Anaph3fiactic dog. Secondar3'- shock. Central zone. Two hepatic cells 
displa3’’ a taking up of er3'throc3'tes. 

Fig. 9. .Anaph3fiactic dog. Secondar3'^ shock. Peripheral zone, “Dark” and 
“light” cells. Notice that there is no evidence of chondriol3'sis. 

Fig. 10. Anaph3’lactic dog. Secondary shock. iMidzone. Two cells show h3'- 
drops. Leukocytes abound in the sinusoids. 

Fig. II, Anaph3dactic dog. Secondary shock. Section at the peripher3’' of two 
lobules showing an intralobular bile duct cut longitudinall3L Notice the 
abundance of chondriosomes present in the tangential dark cells. 

Fig. 12. Anaph3dactic dog. Secondar3’’ shock. Peripher3' of a lobule. The 
chondriosomes in the dark cells displa3' a more or less proximodistal ar- 
rangement. 



American Journal op Pathology. Vol, XI 


Plate S3 



Weatherford 


Influence of Anaphylactic Shock on Liver 





LESIONS IN THE ROOTS OF THE PULMONARY ARTERY 
AND AORTA IN RHEUMATIC FEVER * 


Loots Gross, M.D. 

{From the Laboratories of The Mount Sinai Hospital, New York, N. F.) 

When blocks are cut from the heart according to the standardized 
technique suggested by Gross, Antopol and Sacks, ^ it becomes possi- 
ble to study approximately 1.5 to 2 cm. of the aortic and pulmonic 
roots, i.e. the last musculo-elastic portions of the vessels prior to 
their transformation into connective tissue annuli. In the routine 
examination of a large number of active and inactive rheumatic 
hearts employing this standardized method, a surprisingly high in- 
cidence of pathological lesions was observed both in the roots of the 
pulmonary artery and aorta proper, as well as in the vessels within 
their enveloping pericardial mantles. The lesions occurring in the 
walls of the arch, and ascending and descending portions of the 
aorta f have been described in considerable detail by Klotz,® Pap- 
penheimer and VonGlahn,^’ Chiari,'^ Shaw,® Giraldi,® Perla and 
Deutch,^° McClenahan and Paul,^^ Gray and Aitken,^^ and Klinge.^® 
Those occurring within the walls of the pulmonary artery seem, for 
the most part, to have escaped notice. The only reports available on 
this subject appear to be those by Paul,^^ who was able to substan- 
tiate Sacks’ prediction that such lesions would be found, and by 
Kugel and Epstein,^® Shaw,® Gray and Aitken,^^ and Chiari.^'^ None 
of these reports, however, lays special emphasis on the roots of these 
vessels. Kugel and Epstein appear to be the first to have called 
attention to the frequency with which lesions may be found in the 
‘‘musculo-arterial junction” in the acute cases. By this term they 
referred to the region where the annulus is inserted into the myo- 
cardium, an area that properly belongs to the valve ring. They 
indicated the possibility that the dilatation of the aortic ring, which 
frequently occurs in acute cases, may bear some relation to the 
damage found early in this area. 

* Aided by grants from the Lucius N. Littauer and Walter W. Naumburg Funds. 

t Inflammatoiy nodules in the root of the aorta in rheumatic fever were observed 
by Coombs in 1908.^ 

Received for publication Januaiy g, 1935. 
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In this report it is proposed to describe the lesions found within 
the roots of the pulmonary artery and aorta proper, i.e. the purely 
musculo-elastic portions, as well as within the vessels found in their 
enveloping pericardial mantles. These lesions will be considered 
statistically with respect to their incidence in active and inactive 
rheumatic cases as well as in control material. A discussion will be 
given of their possible significance. 

Material and Methods 

The findings in 150 hearts form the basis of this report. Of these, 
66 presented active rheumatic fever as manifested by the presence 
of fibrinous pericarditis, acute verrucous endocarditis, Aschoff bod- 
ies, eosinophilic coUagen changes (fibrinoid) and other inflammatory 
phenomena in the myocardium. Thirty-four cases represented in- 
active rheumatic material, according to the criteria formiflated by 
Rothschild, Kugel and Gross.^® The remaining 50 cases were from 
a non-rheumatic control series representing various age periods from 
birth to the ninth decade of life. This series was carefully selected 
to eliminate past or present hypertension since this condition is 
associated with vascular changes in the periaortic and peripulmonic 
sheaths.* Syphilis was excluded by the history, corroborative path- 
ological findings or positive Wassermann test. After fixation of the 
heart in 10 per cent neutral formalin saline,! blocks were cut accord- 
ing to the standardized method of Gross, Antopol and Sacks. Sec- 
tions were cut from each block 7.5 thick and stained as a routine 
with hematoxylin and eosin and with Weigert’s elastic and Van 
Gieson’s connective tissue stains. 

Root op the Pulmonary Artery Proper 

In an examination of the non-rheumatic control hearts it was 
found that occasional capillaries were present between the medial 
fibroelastic and muscular strands of the pulmonary artery root in ap- 
proximately 24 per cent of the cases. These capillaries are extremely 
inconspicuous and rarely penetrate inward beyond the outer third 
of the media. As compared to this, the root of the pulmonary artery 

* The peripulmonic and periaortic sheaths mentioned in this report refer to the 
pericardial and adventitial mantles around the roots of these vessels. . 

t Solution of formaldehyde U. S. P., 10 parts; r per cent sodium chlonde soluti , 

90 parts. This solution is rendered neutral with a v/eak alkali. 
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in the inactive rheumatic hearts presented capillaries in 70 per cent 
of the cases. These were not infrequently larger, somewhat irregular 
and penetrated at times into the middle third of the media, more 
rarely into the inner third (Fig. i). There were no inflammatory 
cells seen surrounding these capillaries. At times, however, a scant 
amount of connective tissue was noted about them. 

When this connective tissue around the capillaries becomes some- 
what more conspicuous one may speak of “scarring” within the 
media. Medial scarring is usually associated with some change in 
the nature, amount and distribution of the elastic membranes. 
These may be absent, distorted, ruptured, frayed or even markedly 
increased. Moderate grades of scarring and alterations in the struc- 
ture of the elastic membranes are difficult to discern in the root of the 
pulmonary artery because of the anatomical peculiarities of this site. 
Thus, in the normal pulmonary artery root there is a very consider- 
able variation in the arrangement of the elastic lamellae, fibrous 
tissue and smooth muscle cells. In contrast to the histological struc- 
ture of the aortic root, the region where the pulmonary artery proper 
passes into its annulus insertion often displays marked irregularities 
in the distribution and orientation of its elastic and muscular fibers 
which form an uneven mosaic with patches of fibrous connective 
tissue. The elastic fibers frequently take the form of spiral and circu- 
lar arches. Because of these peculiarities in structure, cross-section 
of the pulmonary artery root is apt to present what appear to be 
discontinuities of the elastic membranes, and irregular areas of con- 
nective tissue devoid of smooth muscle or elastic fibers. 

Another confusing element is the fact that the pericardial sheath 
surrounding the pulmonary arter}'^ root is generally in close appo- 
sition to it, especially during the early age periods. With increas- 
ing age, a looser fibro-adipose tissue makes its appearance. Within 
this pericardial mantle there are to be seen small arteries and arteri- 
oles. During the early age periods, and when the adipose tissue is 
relatively scant, the more fibrous and closely adherent pericardial 
sheath with its blood vessels is apt to present a picture that may be 
confused vdth early adventitial scarring of the pulmonic trunk and 
with mild invasion of its wall with blood vessels. 

Bearing in mind the above mentioned histological peculiarities, 
it may be stated that in onl}’^ two of the fifty control pulmonic roots 
examined did obwous scarring come into consideration. In i case, 
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careful study of the supposed lesion led to the conclusion that one 
was deahng with an exaggerated normal variant in the distribution 
of the elastic, smooth muscle and connective tissue fibers. The other 
case, however (a child 22 months of age with hilar and meningeal 
tuberculosis), had to be considered as showing scarring with consid- 
erable rupture of the elastic membranes. No inflammatory cells 
were present and the capillaries were scant. In the inactive rheu- 
matic cases small flame-shaped scars were seen in three instances. 
These were, however, very inconspicuous and no inflammatory cells 
were present. 

Apart from the question of capillaries and scarring in the puhnonic 
root, there was found no significant difference in the amount of 
chromotropic substance as between the control and the inactive 
rheumatic cases. Edema was not found in either of these groups nor 
were eosinophilic collagen changes present. 

As is to be expected, the incidence and variety of lesions in the 
puhnonic root is considerably greater in the active rheumatic cases. 
Thus, as compared to capillarization in 24 per cent of control cases 
and in 70 per cent of inactive rheumatic cases, this lesion was noted 
in 80 per cent of the active cases. In one-sixth of these capillarized 
cases the capillaries were quite numerous and extensive in their dis- 
tribution. 

Three of the active cases showed moderate sized, irregular scars 
2 with marked elastica disruption (Fig. 2) and i with moderate 
elastica disruption. In another case the elastic fibers were tremen- 
dously increased in amount and localized in small, irregular patches. 

Seven of the capillarized cases showed perivascular accumulations 
of generally large mononuclear or lymphocytic cells, at times, poly- 
morphonuclear leukocytes. In 6 of these there existed a diffuse in- 
flammatory infiltration of the pulmonic root of various grades. 
These consisted of an irregular distribution of, at times, large mono- 
nuclear cells with large roimd or oval nuclei containing dust-like 
chromatin granules and with deeply basophilic cytoplasm. The 
latter was often quite abundant and possessed irregular indistinct 
edges. These cells generally occurred in palisades between the elastic 
lamellae, such as described in the aorta by Pappenheimer and 
VonGlahn. In i case, the distribution of the cells was focal, sorae- 
what resembling the structure of an Aschoff body. Together with 
these mononuclear cells, or at times in their absence, there also oc- 
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curred an irregular distribution of neutrophilic polymorphonuclear 
leukoc3des, I)Tnphoc3”tes and occasional eosinophiles. Many of the 
pol3Tnorphonuclear Ieukoc3’’tes and monocytes showed an orienta- 
tion in tile direction of tlie vessel lumen. 

As mentioned before, these cells were irregular^ distributed, 
sometimes being accumulated in greater numbers toward the inner 
zone of the pulmonic root media, sometimes toward the middle or 
outer zone, sometimes quite diffusely. In each of these 6 cases of 
pulmonic arteritis there were present var3dng degrees of eosinophilic 
swelling of collagen libers and often of the elastic lamellae. These 
w^ere, at times, stretched b3’- edema fluid and accumulated inflamma- 
tor3’^ cells. In places the elastic fibers seemed to have disappeared. 

In these cases and in 3 additional ones the smooth muscle cells 
between the elastic lamellae appeared to be swollen, with the nuclei 
perhaps slightl3’- more conspicuous. As a consequence, cross-section 
of these fibers gave the appearance of prominent rows of cells be- 
tween the elastic lamellae. 

In approximatel3’- one-third of the active cases there was present 
some form of intimal change. In i case there was noted a verrucous 
endarteritis (Fig. 3). This consisted of the formation of typical ver- 
rucous material within a localized proliferative intimal zone. The 
latter was situated intemaU3'- to the innermost elastic lamellae and 
consisted of swollen, slightly and at times deeply basophilic stellate 
cells separated by mucin-like groundwork. This, in all probability, 
represents a proliferation of the subendothelial undifferentiated 
mesenchyme. The structure was covered by endothelial cells except 
for the central portion, which was the seat of the verrucous change. 

In 2 other cases there was seen a similar intimal “reduplication” 
but without verrucous change. In these, however, there were present 
swelling and eosinophilic change of the collagen with accumulations 
of polymorphonuclear leukocytes and lymphocytes. In the remain- 
ing cases the intimal lesion consisted of a more mature intimal re- 
duplication, i.e. one in which the stellate cells have largely trans- 
formed themselves into mature fibroblasts, collagen has been laid 
down and some elastification has occurred. In these stages these 
reduplications cannot be distinguished from similar changes due to 
age period processes. 

Summarizing these findings in the pulmonic root proper it appears 
that rheumatic fever produces a considerable increase in the inci- 



636 


GROSS 


dence and extent of capillaries, and a definite though considerably 
smaller increase in the incidence of scarring and genuine elastica 
disruption; that inactive cases show no accumulation of inflamma- 
tory cells or edema and no eosinophilic collagen changes; that in 
about 14 per cent of the active cases all or some of the following 
manifestations of acute damage are present, viz. accumulation of 
large basophilic mononuclear cells, polymorphonuclear leukocytes, 
formation of palisades, edema, rupture or disappearance of elastic 
membranes, eosinophilic swelling of collagen and elastic mem- 
branes, formation of mesenchymal intimal proliferations, formation 
of endarteritis verrucosa and swelling and prominence of smooth 
muscle cells. 

Pericardial Sheath Surrounding Pulmonic Root 

None of the pulmonic root sections examined from the rheumatic 
cases was associated with macroscopic pericarditis. In many of the 
peripulmonic sheaths, however, there were seen scattered l}mpho- 
cytes and large mononuclear cells with some increase in the number 
of capillaries. This indicates a low grade irritation phenomenon. All 
of the active cases presented either a microscopic pericarditis of this 
type or an acute exudative pericarditis (8 cases) with marked ac- 
cumulation of inflammatory cells and deposition of fibrin. 

Of greater interest, however, were the lesions to be found in the 
vessels within these peripulmonic sheaths. In a previous publication 
Gross, Kugel and Epstein have classified and described a large 
nmnber of lesions affecting the smaller branches of the coronary 
arteries in the myocardium of rheumatic cases. It will be found that 
a number of the vascular lesions described as occurring in the pen- 
cardial sheaths surrounding the roots of the pulmonary artery and 
aorta fall into the above mentioned classification. For a detailed 
description of these lesions the reader is referred to the above men- 
tioned report. 

The vascular changes which were found in the control series con- 
sisted of: hypertrophy of the media in 3 cases in which the terminal 
illness was associated with a febrile condition; intimal elastification 
(this occurred in 2 cases, one individual aged 22 months and one 
aged 74 years) ; intimal musculo-elastic hyperplastic changes, with 
the intimal smooth muscle cells somewhat irregularly arranged (this 
w'as found in i case, age 9 months) ; giant medial hypertrophy with 
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metallaxis (this was found in 2 cases, ages ii and 58 years respec- 
tively). Considered as a whole, some form of vascular lesion was 
found in the pericardial sheath surrounding the pulmonic root in 
18 per cent of these control cases. 

In the inactive rheumatic series hj’pertrophied vessels were found 
in 15 per cent of the cases; intimal elastification in i case; t5^ical 
intimal musculo-elastic hyperplastic changes in 4 cases (12 per cent) 
(Fig. 4) ; and giant h3^ertrophy with metallaxis in 6 cases (18 per 
cent). There is thus a somewhat increased incidence over the con- 
trols in the occurrence of intimal musculo-elastic hyperplastic lesions 
and giant hypertrophy with metallaxis. Considered as a whole, 
some form of vascular lesion was found in the pericardial sheath 
surrounding the pulmonic root in 33 per cent of the inactive cases. 
In the active cases the vascular lesions were far more striking. Thus, 
60 per cent of the cases showed hypertrophy of the media, 18 per 
cent intimal musculo-elastic hyperplastic lesions, 34 per cent giant 
hypertrophy with metallaxis, and 18 per cent intimal fibrosis. Be- 
sides these, in i case there was present a necrotizing arteritis, and in 
1 case (age 11 years) intimal elastification. Considered as a whole, 
therefore, vascular lesions were found in the pericardial sheath sur- 
rounding the pulmonic root in 66 per cent of the active cases. 

Summarizing these findings in the peripuhnonic sheath, it appears 
that inactive rheumatic cases show vascular lesions in 33 per cent of 
the cases, and active rheumatic cases in 66 per cent, as compared to 
control cases where the incidence was 18 per cent. In the inactive 
rheumatic group there is a moderately increased incidence of intimal 
musculo-elastic h5Tperplastic lesions and of giant hypertrophy with 
metallaxis; in the active rheumatic cases there is a very decided in- 
crease in the incidence of these lesions as well as of intimal fibrosis 
and medial hypertrophy. Exudative and necrotizing arteritis oc- 
curred in I case. 

Aortic Root Proper 

Although the outer third of the aortic media is believed to be sup- 
plied with nutrient vessels, very rare capillaries, generally confined 
to the medial-adventitial border, were observed in only 25 per cent 
of the aortic roots in the control series. In only i case (a child of 
9 months with hilar and meningeal tuberculosis) was there present 
scarring of the media. This consisted of oval and flame-shaped 
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fibrotic lesions distributed in the middle third of the media. The 
elastic membranes were ruptured in the scarred areas but no inflam- 
matory cells were present. In i case the sparse capfllaries were 
surrounded by scattered lymphocytes and larger mononuclear 
cells. 

In contrast to this the inactive rheumatic cases showed an aortic 
root medial capiUarization in 80 per cent of the cases. In about one- 
third of these the capillaries were sparse, delicate and confined to the 
medial-adventitial border. In the remaining cases they were more 
numerous and penetrated deeper into the media. In these cases the 
vessels were generally wider in diameter and possessed a rather 
heavy basement membrane. 

Furthermore, in 50 per cent of the inactive rhemnatic cases defi- 
nite scarring of the aortic root media was present. These scars were 
generally of four types, each more or less representing various grades 
of damage. A very frequent form of scarring is the flame-shaped 
lesion. This may be very inconspicuous, avascular and merge im- 
perceptibly with the coUagenic interdigitations of the adventitia 
with the media. In the definite flame-shaped scar the medial elastic 
lamellae are missing, capillaries are generally present and sometimes 
a few inflammatory cells. This scar is generally found in the outer- 
most layers of the media, although it can occur in the middle and 
even inner third. 

An equally frequent, decidedly more conspicuous and clear-cut 
lesion is the oval scar (Fig. 5). This is generally larger than the 
flame-shaped variety. It is oval in shape with its long axis parallel 
with the lumen of the aorta. It may be represented by an avascular 
collagenous area, free of elastic fibers. However, it generall}^ con- 
tains capillaries, sometimes arterioles, not infrequently with swollen 
endothelial cells and occasionally perivascular inflammator}^ cells. 
Like the flame-shaped scar it is usually situated in the outer third of 
the media. This lesion may become so large as to form irregular, 
patchy fibrotic zones in the outer and even middle third of the 
media. 

A very frequent and characteristic form of scarring is the moth- 
eaten variety (Fig. 6). This is a somewhat irregular, generally 
small scarred area with rather inconspicuous collagen. Its most 
characteristic feature is brought out by staining for elastic tissue. 
In such preparations it is seen that the more or less regularly- a:r' 



LESIONS IN RHEUMATIC PEVER 


639 


ranged membranes are interrupted in patches which can be described 
best as moth-eaten areas. These occur generally in the outer third 
of tlie media and may be avascular and acellular. They may im- 
perceptibly merge witli what is termed the flame-shaped scar. In 
the latter, however, collagenous tissue is more prominent, the 
elastica rupture is striking and disorientation of the elastic mem- 
branes is more likely to occur. 

The least frequent but most marked forms of scarring are the large 
irregular scars (Fig. 7). These are very obviously distorted areas of 
the media, often the middle third, with large irregular zones of col- 
lagenous tissue, ruptured and distorted elastic membranes and scat- 
tered inflammatory cells. They lack, however, gummatous necrosis, 
giant cells, conspicuous vascularization, marked perivascular lym- 
phocytic and plasma cell infiltrations and the adventitial vascular 
and perivascular changes characteristic of lues. In the inactive 
rheumatic material 4 cases showed large irregular scars. 

As mentioned before, whereas some of these forms of scarring were 
avascular, most of them possessed capillaries and even arterioles. 
The endothelium of these vessels was not infrequently swollen. 
There was often present a scattering of lymphocytes, large mono- 
cytes, sometimes with basophilic cytoplasm and irregular edges, and 
rare wandering cells of unknown type. 

The aortic root media was capillarized in 85 per cent of the active 
rheumatic cases. In one-fourth of these the capillaries were delicate, 
inconspicuous, and situated at the medial-adventitial border. In the 
remaining cases they were of larger caliber, often with heavy base- 
ment membranes and swollen endothelial cells. Not infrequently 
they were associated with or replaced by arterioles. All these cases 
showed definite scarring. Thus, flame-shaped, oval and moth-eaten 
scarring occurred in approximately 40 per cent of the capillarized 
cases, and in 4 cases there were present large irregular scars of such 
dimensions as to suggest a luetic lesibn. 

Whereas acute exudative and deslructive phenomena were absent 
in the inactive rheumatic cases, ana inflammatory cells were sparse 
and confined to perivascular sitesyxhe active rhemnatic cases showed 
an astonishingly high incidence^ these lesions. Thus, in 20 per cent 
of the cases, quite apart from /ne perivascular cellular accumulations 
(seen in most scarred areas), there was present a distinct inflamma- 
tory lesion of various grades of intensity often toward the inner 
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aspect of the media (Fig. 8) and at times irregularly situated. In a 
number of cases this lesion was mild and consisted of a sparse and 
diffuse scattering of ameboid cells with lobated nuclei, orientated 
very irregularly. These cells were generally of the pol3miorpho- 
nuclear leukocytic variety; some were larger. 

In 4 cases the lesion was much more severe. In these there were 
present eosinophilic sweUing of collagen and elastic lamellae, and 
development of large basophihc cells with irregular edges. These 
cells were found in the perivascular connective tissue of the scarred 
areas and also occurred conspicuously in rows between the swollen 
elastic lamellae’ (palisades). 

Other cellular elements in the inflamed areas were neutrophilic 
polymorphonuclear leukocytes, eosinophiles, lymphocytes, large 
monocytes and plasma cells. At times, fragments of eosinophilic 
collagen were surrounded by solid-staining, irregular, elongated 
cells which appeared to be made up entirely of nuclear material. 

Apart from these inflammatory phenomena a verrucous endarte- 
ritis was seen in i case. Large conspicuous rows of medial cells were 
seen in 10 cases, generally associated with other active inflammatory 
phenomena, and edema was noted in most of the acutely inflamed 
aortic roots. Intunal reduplications were seen in one-third of the 
cases. Of these, 3 showed fresh reduplications of the undifferentiated 
mesench)maal ceU variety. Two of these possessed elastic membrane 
laminations (Fig. 9). In another case the intimal reduplication con- 
sisted of fibroblastic tissue permeated with capillaries, which gave it 
a spongy appearance (Fig. 10). 

Summarizing these findings in the aortic root proper it appears 
that rheumatic fever produces an amazingly high incidence of capil- 
larization, scarring and elastica disruption. The latter lesions occur 
in four histologically recognizable forms, viz. flame-shaped, oval, 
moth-eaten and large irregular scars. These not infrequently possess 
capillaries and even arterioles with swollen endothehum. In the in- 
active cases sparse accumulations of mononuclear cells often occur in 
the vicinity of the scars, but acute, exudative and destructive phe- 
nomena are absent. In 20 per cent of the active cases, however, 
apart from these perivascular cellular accumulations there were 
found acute inflammatory phenomena of various grades of intensity 
similar to those described as occurring in the root of the pulmonary 
artery. The severity of the lesions was, however, frequently con- 
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siderably greater than in the latter and the severe lesions occurred 
much more often. In i case the intimal fibroblastic tissue redupli- 
cation was permeated with capillaries. 

Pericardial Sheath Surrounding Aortic Root 

Since most of the periaortic sheaths, particularly in the active 
rheumatic series, were the seat of a pericarditis, past or present, the 
adventitial layer was frequentl}^ quite dense because of concentra- 
tion of the organized scar tissue. The adventitial layer not infre- 
quently showed inflammatory cells of tlie acute, subacute and 
chronic variety. However, no Aschoff bodies were found in the ad- 
ventitia proper. Aschoff cells and nodules were observed by Pappen- 
heimer and VonGlahn in 5.4 per cent of 76 rheumatic cases. 

The vascular lesions found in tlie pericardial sheath surrounding 
the aortic root in the control series consisted of medial h3q)ertrophy 
in 2 cases, intimal elastification in i case and fibro-elastification in 
2 cases. Considered as a whole, the pericardial sheath surrounding 
the aortic root presented vascular lesions in 5 cases (10 per cent) of 
the control series. In the inactive rheumatic series the incidence of 
vascular lesions in the pericardial sheath of the aorta was consider- 
ably increased. Thus, medial hypertrophy was found in 10 cases, 
intimal fibrosis in 2, fibro-elastification in 3, typical intimal musculo- 
elastic hyperplastic lesions in 7, and giant medial hypertrophy with 
metallaxis in 2 cases. Considered as a whole, the pericardial sheath 
surrounding the aortic root presented vascular lesions in 17 cases 
(50 per cent) of the inactive rheumatic series. 

Even more striking were the vascular lesions found in the sheath 
around the aortic root in the active rheumatic series. Thus, medial 
h3q)ertrophy was found in 33 cases (50 per cent), intimal elastifica- 
tion in 5, fibro-elastification in 2, typical intimal musculo-elastic 
h3q)erplastic lesions in 17 (26 per cent), giant medial h3y)ertrophy 
with metallaxis in 10 (15 per cent), intimal fibrosis in 8, and granular 
plugged vessels in i case. Considered as a whole, the pericardial 
sheath surrounding the aortic root presented vascular lesions in 
44 cases (66 per cent) of the active rheiunatic series. 

Summarizing these findings in the periaortic sheath, it appears 
that inactive rheumatic cases show vascular lesions in 50 per cent of 
the cases and active rheumatic cases in 66 per cent, as compared to 
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control cases where the incidence was 10 per cent. In the inactive 
group the incidence of medial hypertrophy and intimal musculo- 
elastic hyperplastic lesions is significantly high. In the active group 
medial hypertrophy, intimal musculo-elastic h3^erplastic lesions, 
giant medial hypertrophy with metallaxis and intimal fibrosis occur 
in a strikingly high per cent of the cases. Granular plugged vessels 
were found in 1 case. 


Discussion 

« 

The findings presented in this report appear to be of interest for 
several reasons. First, they represent another contribution to our 
knowledge of the damage wrought by rheumatic fever in the first 
portion of the great vessels, sites which have been on the whole some- 
what neglected by previous observers. Secondly, when present, 
many of the lesions described assume considerable significance when 
one attempts to determine the nature of various forms of valvulitis 
in which the inflammatory phenomena are indolent or inactive. In 
such instances it is not infrequently difficult to decide whether one is 
dealing with the end result of well known forms of endocarditis, par- 
ticularly of the rheumatic variety, or whether the lesions represent 
a t)q)e of endocarditis sui generis of different etiology. In such stud- 
ies it is of considerable value to search for other evidence implicating 
rheumatic fever. While the lesions described in this report are in 
themselves for the most part not specific, they nevertheless afford 
additional evidence on which to classify such material either as rheu- 
matic, or in the absence of these changes, to suspect another etiology. 
Finally, this report serves as an additional contribution to the use- 
fulness of the standardized method of studying hearts histologically 
which has already been shown to present a high incidence of patho- 
logical lesions when present. 

One of the most striking findings presented in this report is the 
unexpectedly high incidence of capillarization, both of the pulmonic 
and aortic roots. That this occurs in 70 per cent and more of in- 
active as well as active cases, as compared to 25 per cent of the con- 
trol non-rheumatic series, and that not infrequently the capillanes 
are larger, more irregular and of wider distribution in the rheumatic 
series, opens up many fields for speculation. For example, it seemed 
of interest to determine if the roots of these vessels in cases of luetic 
aortitis (particularly those involving the aortic root) presented sim- 
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ilar findings. An examination of 35 such cases disclosed obvious 
luetic lesions of the aortic media with marked scarring and disrup- 
tion of the elastica, gummatous necrosis, vascularization, infiltration 
with lymphocytes and plasma cells and advanced endarteritic 
changes with perivascular mononuclear collections in the aortic 
mantle (chiefly adventitial). These findings, as Klotz has already 
pointed out, easily differentiate the luetic from the rheumatic lesions. 
On the other hand, in these same luetic cases the pulmonic root 
showed surprisingly little involvement. Capillarization and scarring 
were on the whole somewhat less marked than in the rheumatic 
series. Furthermore, when vascular lesions were present in the pul- 
monic sheath they were generally quite different, consisting usually 
of marked medial hypertrophy with exaggerated intimal fibrosis. 
While there was noted at times vascular change resembling the inti- 
mal musculo-elastic h5q>erplastic lesion found in the rheumatic se- 
ries, there was little to be seen of the diversity of vascular lesions 
observed in the latter. It appears, therefore, that both the very 
florid inflammatory and destructive phenomena in the aortic root, 
together with the somewhat different findings in the pulmonic root 
and its pericardial sheath, serve to differentiate histologically lues 
from rheumatic fever. It ha-s been mentioned that all of the 
active rheumatic cases presented in the peripulmonic sheaths either 
a microscopic pericarditis or an acute exudative pericarditis and that 
in the inactive rheumatic series many cases showed scattered lym- 
phocytes and large mononuclear cells in this area. It seems possible 
that this inflammatory condition of the pericardial mantle bears a 
causal relation to the markedly increased capillarization of the great 
vessel roots. At any rate, this mechanism must be considered as a 
factor in addition to spread of the irritative agent by way of the 
vasa vasorum (Klotz) and by way of the main blood stream (Pap- 
penheimer and VonGlahn). 

■V^ffiile scarring is not a conspicuous feature in the pulmonic root 
in rheumatic fever it becomes extremely important in the aortic 
root where, as has been indicated by other authors, the lesions 
may be so extensive as to be confused with lues. In such in- 
stances the damage may undoubtedly express itself functionally by 
producing diminished resiliency and elasticity of the great vessel 
roots. The smaller lesions, however, appear to be only of histological 
interest. 
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The finding of inflammatory lesions in 20 per cent of aortic roots 
in the active rhemnatic series was not unexpected even though the 
6 per cent incidence of intimal verrucous lesions was certainly more 
than anticipated from gross observations. On the other hand, the 
14 per cent incidence of inflammatory lesions in the pulmonic root, 
with I case showing a verrucous lesion of the intima, was surpris- 
ingly high and of considerable interest. 

The intimal reduplications are important histologically only when 
they are quite fresh, and serve to indicate the presence of activity. 
The older fibrous reduplications are also found in the control non- 
rheumatic series. 

The vascular lesions in the peripuhnonic and periaortic mantles 
are similar to those described by Gross, Kugel and Epstein. The 
considerable increase in these lesions both in active as weU as in- 
active cases is in keeping with the findings in the coronary ramifica- 
tions within the myocardium proper. It is to be noted that, as in the 
latter, the lesions referred to as intimal musculo-elastic hyperplastic 
changes, giant medial hypertrophy with metallaxis and intimal 
fibrosis are the most significant because of their rarity in control non- 
rheumatic material and because of their conspicuous increase in the 
rheumatic series. Arteritis and granular plugged vessels were found 
in only i case each. 

There remains to discuss the fate of the lesions. This question was 
taken up in some detail in the above mentioned report by Gross, 
Kugel and Epstein on the lesions of the coronary arteries and their 
branches in rheiimatic fever, which concerned itself with the myo- 
cardial coronary ramifications. It may be said in brief that the some- 
what lower incidence of the more characteristic lesions in the pul- 
monic and aortic roots of the inactive as compared to the active 
rheumatic fever series indicates that some of them may heal with 
little discernible residua, some may become transformed into the 
less characteristic alterations seen in the normal control series due to 
age period changes, and that the more marked lesions probably 
occur in patients so violently afilicted -with the disease that many fail 
to reach the inactive stages. 

SUiOIARY 

A variety of lesions found in rheumatic fever in the roots of the 
pulmonary artery and aorta together with their pericardial mantles 
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have been described and considered statistically. The observations 
were made on 66 active rheumatic hearts, 34 inactive rheumatic 
hearts and 50 non-rheumatic control hearts. It is shown that in both 
active and inactive rheumatic fever the aortic and pulmonic roots 
display a strikingly high incidence of destructive and inflammatory 
lesions consisting of scarring, elastica disruption, vascularization 
and other inflammatory phenomena. It is also shown that the peri- 
cardial mantles surrounding the roots of these great vessels display 
a high incidence of various vascular lesions. Some of these are sim- 
ilar to those occurring in non-rheumatic controls due to age period 
changes. Others, however, are similar to the vascular lesions due to 
rheumatic fever found in the myocardial coronary ramifications. A 
discussion is given of the significance of these findings. 
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DESCRIPTION OF PLATES 
Plate 84 

Fig. I. Pulmonary artery root from inactive case of rheumatic fever. Age 65 
years. Mediiim power. Hematoxylin and eosin stain. 

A = media showing extensive capillarization with penetration into the 
inner third of the vessel wall; B = adventitia. 

Fig. 2. Pulmonary artery root from active case of rheumatic fever. Age 25 
years. Medium power. Weigert’s elastic and Van Gieson’s connective 
tissue stain. 

A = inner zone of pulmonary artery; B = marked elastica destruction, 
edema, capillarization and infiltration with inflammatory cells; C = ad- 
ventitia showing mononuclear cell infiltration. 
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Plate 85 

Fig. 3. Pulmonan' artery’’ root from active case of rheumatic fever. Age 25 
years. High power. Hematoxj'Iin and eosin stain. 

Typical verrucous formation with mononuclear cell infiltration at its 
base. 

Fig. 4. Pulmonarj’^ arterj’^ root from inactive case of rheumatic fever. Age 37 
years. Medium power. Weigert’s elastic and V'an Gieson’s connective tis- 
sue stain. 

A = media; B = adventitia showing two arteries with tjqiical intimal 
musculo-elastic hyperplastic changes. 
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Plate 85 
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Plate 86 


Fig. 5. Aortic root from inactive case of rheumatic fever. Age 14 years. 
jMedium power. AVeigert’s elastic and Van Gieson’s connective tissue 
stain. 

A = inner zone of media; B = adventitia. The arrows point to typical 
oval scars. 

Fig. 6. Aortic root media from inactive case of rheumatic fever. Age 34 years. 
Medium power. AVeigert’s elastic and A''an Gieson’s connective tissue 
stain. 

A = inner zone of media; B = outer zone of media. The arrow points 
to a typical moth-eaten scar. 
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Plate 87 

Fig. 7. Aortic root from inactive case of rheumatic fever. Age 21 years. 
Aledium power. Weigert’s elastic and Van Gieson’s connective tissue 
stain. 

A = elastic hj'perplastic and fibrotic intima; B = large irregular scar- 
ring of media with elastica disruption; C = adventitia. 

Fig. 8. Intima and inner medial zone of aortic root from a case of active rheu- 
matic fever. Age 25 years. High power. Hematox>din and eosin stain. 

A = intima and subintima showing infiltration with lymphocjdes and 
ameboid polymorphonuclear leukocytes; B = fibrosis of inner medial 
layer. 
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Plate 88 


Fig. 9. Aortic root from active case of rheumatic fever. Age 7 years. iVIedium 
power. Weigert’s elastic and Van Gieson’s connective tissue stain. 

A = intimal reduplications showing elastic lamellations; B = media; 
C = adventitia showing mild lymphoc>"tic infiltration. 

Fig. 10. Aortic root from active case of rheumatic fever. Age 13 years. IMe- 
dium power. Hematoxylin and eosin stain. 

A = intimal reduplication converted into spongy mass by an interlac- 
ing network of capillaries within a fibroblastic matrix; B = media with 
scattered lymphocytes and pol}Tnorphonuclearleukoc>des; C = adventitia 
with mild lymphocjdic infiltration. 
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NUCLEAR INCLUSIONS SUGGESTIVE OF VIRUS ACTION IN 
THE SALIVARY GLANDS OF THE MONKEY, 

CEBUS FATUELLUS * 

E. V. COWDRY, AND GORDON H. ScOTT 

{From the Ajiatomical Laboratory, Washington University School of Medicine, St. 

Louis, Mo.) 

Evidence is fast accumulating that we must recognize a special 
group of salivary gland viruses. All of them have been discovered 
by chance. They are so benign that attention was not directed to 
them by distinctive clinical sjrmptoms. What attracted notice was 
the extraordinary h3^ertrophy of certain acinous or duct cells ac- 
companied by the formation in their nuclei of inclusions resembling 
those caused by viruses. 

The first inclusion-laden cells were reported under the heading of 
''protozoan-like bodies’’ in the parotids of two infants by Ribbert ^ 
and in the submaxillary glands of guinea pigs by Jackson.^ Credit is 
due to Goodpasture and Talbot ^ for recognizing the close resem- 
blance between the bodies in humans and guinea pigs and for point- 
ing out the similarity of both to the intranuclear inclusions described 
by Tyzzer ^ in varicella. Lipschiitz ^ then rediscovered the intranu- 
clear inclusions in herpes, admirably described and illustrated by 
Kopytowski,® and emphasized the great importance of these bodies 
in "inclusion diseases” in general. But it was Kuttner and Cole and 
Kuttner ® who led in the demonstration that the inclusions in guinea 
pigs are actually caused by a virus. This naturally excited so much 
interest that investigators, while examining the salivary glands of 
other animals, have been on the lookout for nuclear inclusions, with 
the result that at the present time they have been reported in rats,® 
moles,^®’ “ mice and hamsters.^® Finally Kuttner and Wang have 
proved that the intranuclear inclusions in hamsters, mice and wild 
rats are caused by viruses that are very similar to the submaxiUary 
gland virus of guinea pigs. We await with interest proof of virus 
action in the formation of the inclusions in humans and moles. 

* Aided by a grant from the Rockefeller Foundation for research in virus diseases. 

Received for publication January 23, 1935. 
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' Observations 

As in the discovery of the intranuclear inclusions in the other 
forms mentioned, so also in Cehus fakiellus they were encountered 
almost by chance.^^ A routine examination was being made of all 
the principal tissues of 2 Cebus fakiellus and 18 Macacus rhesus 
monkeys which received repeated doses of irradiated ergosterol. 
The inclusions were seen in the parotid and submaxUlary glands of 
both of the Cebus monkeys but in none of the Macacus. Their 
appearance is illustrated in the plate. 

All of the inclusion-laden cells were so much hypertrophied that 
they could easily be recognized without the use of an oil immersion 
objective. What usually caught the eye was a large, spherical, eosin- 
staining mass — the nuclear inclusion — with a clear halo between 
it and the nuclear membrane. The cytoplasm of the affected cells 
was distinctly basophilic, owing to the presence of cytoplasmic 
bodies, and consequently stood out sharply against the neighboring 
cells which were acidophilic, for the inclusions were limited to the 
secretory and intercalated ducts. None were foimd in the secretorj" 
acini. The altered cells were spherical in shape and bulged so far 
into the lumen that in some cases they seemed to occlude it. 

Though easily seen, the inclusions were difficult to find by reason 
of their extreme rarity. A total of 33 was studied; of these ii were 
seen in 102 sections of the parotid and 22 in 149 sections of the sub- 
maxillary gland. Each section was 7/4 thick and about 5 mm. 
square. The largest nmnber of inclusions ever seen in a single sec- 
tion was 4. After about a month spent in their study they could be 
found at the rate of 4 or 5 per hour. No inclusions were detected in 
the sublingual glands. 

The size, and indeed all of the structural features, of the inclusions 
and of the cells containing them were remarkably uniform. The 
cells, nuclei and inclusions were roughly spherical. The diameters of 
30 cells and nuclei and of 29 nuclear inclusions were measured m 
microns (Table I). 

In the case of a binucleated cell the maximum diameter amounted 
to 25.2 but the size of the nuclei and their inclusions remained 
about the same. Traces of the second nucleus in the binucleated cell 
illustrated in Figure 6 are seen below and to the left. 

AU of the nuclear inclusions -were strongly acidophilic when viewe 
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after fixation in formalin-Zenker and coloration with hematoxylin 
and eosin. They contained no hematoxylin-staining material. When 
cut through the middle they appeared to be optically homogeneous, 
but thin slices of their surface showed them to be made up of tiny, 
acidophilic adherent particles. The outlines of the inclusions were 
usually quite sharp. Only i inclusion was observed per nucleus. 

The halo interposed between the inclusion and the nuclear mem- 
brane was altogether free of basophilic chromatin near the inclusion, 
but as one approached the membrane some particles of basophilic 


Table I 

Measurements of Cells, Nuclei and Nuclear Inclusions 


Diameters 

Cells 

Nuclei 

Inclusions 

Maximum largest diameter 

19.2 

13-2 

aam 

Minimum largest diameter 

12.0 

8.4 

3-6 

Average largest diameter 

iS -9 

13-2 

mm 


material could be made out — in other words, margination on the 
nuclear membrane was not usually complete (see Figs. 5 and 6). 
The width of the halo about the inclusion was approximately the 
same on all sides. 

Nucleoli were identified in all instances where the section included 
a large amount of nuclear material. Invariably the nucleoli, one or 
two in each nucleus, left the central nuclear zone and became closely 
applied to the nuclear membrane. The uniformity in tliis migration 
of nucleoli, in their size (approximately 1.5 by sju), degree of flatten- 
ing and staining reaction was quite striking. Such a marginated 
nucleolus is illustrated to the left side of the nuclear inclusion in 
Figure 3 and above it in Figures 4 and 5. The coloration indicated 
an even mixture , of acidophilic and basophilic material, the latter 
almost masking the former. 

Cytoplasmic inclusions were observed in 21 out of 33 nuclear 
inclusion-laden cells and are represented in Figures 2 to 6. They were 
distinctly basophilic and most of them were particulate in consist- 
ence. The largest exhibited a maximum diameter of 6/n and a mini- 
mum of 3.6JU.; the smallest was a sphere about 1.5/x in diameter and 
the average, likewise spherical, was approximately 2.5ju in diameter. 
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These cytoplasmic inclusions occurred in the distal cytoplasm 
between the nucleus and the lumen of the duct. Most of them were 
not provided with clear halos. Some, which were of much denser 
consistence, did have halos. 

The epithelial cells next to those in which inclusions had developed 
showed no particular sign of injury, revealed by the simple tech- 
nique mentioned, except that they were mechanically pushed aside. 
It may be that they were very slightly increased in size, as Scott 
and Pruett found by careful direct measurements to be the case 
in the submaxillaries of guinea pigs. The intercalated ducts showed 
no evident alterations, but the secretory ducts, which contained 
many more cells and in which most of the inclusions were found, 
did look abnormal. The cells in which nuclear inclusions had not 
formed did not aU present the same appearance. None showed evi- 
dence of hydropic degeneration, as illustrated by Pearson in his 
Figure 12. Some were nevertheless singled out from the rest by the 
intense acidophilia of their cytoplasm and the pyknosis of their 
nuclei. Both cytoplasm and nucleus were shrunken. Such cells were 
observed alone and in groups, but in number they were always less 
than 50 per cent of the total. The lumen of one secretory duct was 
crowded with them. If this degeneration and desquamation of duct 
cells were a normal process, one would expect multiplication of the 
remaining cells to make good the loss, but no mitoses were seen. 

Since the salivary glands of other Cebus monkeys, which had not 
received irradiated ergosterol, were not available for comparison, 
the best that could be done was to shift to similar tissues of Macams 
rhesus. AU of 18 given the irradiated ergosterol in equal and some- 
times greater amounts exhibited the same process of degeneration 
and desquamation but none of them to the same degree. It was 
also seen in 4 untreated Macacus monkeys. Although these degen- 
erating ceUs never showed any tendency whatever to inclusion 
formation, the possibiUty remains that their presence in such num- 
bers is an accentuation of a normal process of elimination caused by 
injury to the duct epithelium and related in some way to the forma- 
tion of nuclear inclusions, despite lack of topographical assoaation 
between the two. We do not, however, advance this as a suggestion. 

Another change in the ducts •which should be reported, but not 
used as e-vidence, was accumulation of fluid about the bases (pro.’o- 
mal poles of the ceUs) so that they were often quite -widely separated 
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from tlie usually contiguous acinous tissue. This, also, was less 
marked in the Macacus monkeys. Calcium concretions occurred in 
both Cebus and Macacus, but were more numerous and larger in the 
former. They were probably caused or intensified by the irradiated 
ergosterol, as will be described in a later paper by Cowdry, Scott and 
Moller.^^ Proliferation of fibroblasts and slight leukocytic infiltra- 
tion took place near them, but the nuclear inclusions were not unusu- 
ally abundant in their vicinity. L5nnphocytic infiltration was often 
seen in the Cebus monkeys and less frequently in the Macacus. Of 
the 33 inclusion-containing cells in the Cebus, 20 were located in 
areas of this sort of infiltration. On the other hand, their presence 
in such areas was the exception rather than the rule because they 
were so rare and the invading Ijnnphocytes so numerous. 

The following tissues, additional to the salivary glands, were ex- 
amined in each of the 2 Cebus monkeys to ascertain how widespread 
the formation of nuclear inclusions might be in the organism as a 
whole: 

Fundus, ileum, colon, duodenum, pancreas, spleen, liver, adrenal, kidney, 
urinary bladder, lymph node, skeletal muscle, lung, thymus, thyroid, para- 
thyroid, trachea, esophagus, mucous membrane of cheek, sublingual glands, 
testis, prostate, jejunum, pituitary, skin of back, heart muscle and bone marrow. 

Since no nuclear inclusions at all like those in the submaxiUaries 
and parotids were seen, it is evident that the reaction was restricted 
to these glands. Rare acidophilic droplets in the nuclei of the acinous 
ceUs of the pancreas of i monkey and of the pars distalis cells of the 
pituitary of the other were disregarded. The animals were quite 
mature, for their long bones had become ossified and their testicles 
showed active spermatogenesis. They weighed 1510 gm. and 1650 
gm., respectively. Each received 6 daily doses of 5 cc. irradiated er- 
gosterol 10,000 X (Mead Johnson and Company). All except the 
first of these were given with 10 gm. of calcium gluconate in tomato 
juice. They were killed 3 days after the last dose, at which time the 
blood calcium and phosphorus of i was 9.7 and 9.9, and of the other 
9.6 and 5. 

Attempts to determine if these salivary gland inclusions are caused 
by a virus were not undertaken because the inclusions were not dis- 
covered until weeks after the animals had been killed. Having in 
mind the results of transmission experiments vfith other salivary 
gland viruses, the chances of success would be good only if the 
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ground up glands of adults possessing inclusions were injected into 
animals of the same species so young that they had not acquired a 
natural infection and were, therefore, susceptible. 

The nuclear inclusions in these Cebus monkeys did, however, ex- 
hibit a close resemblance to those known to be caused by viruses in 
the salivary glands of the guinea pig, rat, mouse and hamster. Like 
inclusions in the same location of moles and humans, it can only be 
said that their presence suggests the possible action of a virus. The 
nuclear inclusions in moles were more basophilic, but we found that 
this basophilia was at least partly due to failure of the basophilic 
chromatin to lose its basophilic properties or to marginate on the 
nuclear membrane. Instead of doing so, it accumulated in the form 
of a thin layer about the inclusion. The coating could easily be 
seen in favorable specimens. No measurements have been made, 
but the intensity of acidophilia of the core of the nuclear inclusion 
inside this basophilic layer in moles may closely approach that of 
the entire inclusion in Cebus, to which no basophilic material is 
attached. 

In shape the inclusions are more uniformly spherical than the type 
inclusions in the guinea pig. The latter are often elongated in cells 
that are flattened. Thus, we have not found in Cebus any depar- 
ture from the spherical shape of inclusions or cells comparable with 
that illustrated by Pearson. 

The basophilic cytoplasmic inclusions in Cebus exhibited a greater 
range in size than in either the guinea pig or the mole. Consequently 
they are not so frequently disposed in orderly rows between the 
nucleus and the lumen. After formalin-Zenker fixation and staining 
with hematoxylin and eosm, the vast majority of them appeared to 
be made up of tiny uniform particles which look a little like Rickett- 
siae. These masses of particles were ordinarily not provided with 
halos. Occasionally, however, an inclusion, much more dense and 
not visibly particulate, was seen among the others and was limited 
by a halo. Very rarely all of the cytoplasmic inclusions in a single 
cell showed this peculiar density plus halos. Clear vacuoles may oc- 
cur in the inclusions as well as in the cytoplasmic ground substance, 
but they were rare. When the section was overstained wth hema- 
toxylin the cytoplasm was likewise colored blue and the outhnes 
of the inclusions could only be distinguished with difficulty. Struc- 
tural details were also obscured if the sections were too thick, that is 
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more than 7/1. The characteristic margination and partial flattening 
of the nucleolus on the nuclear membrane referred to in the Cebus 
inclusion-laden cells was not encountered so repeatedly in the mole 
in which the nucleoli often held their spherical outlines and remained 
in contact with the inclusions. 

Discussion 

Evidently Cebu^ jaluellus is to be added to the other species men- 
tioned as exhibiting nuclear inclusions suggestive of the action of a 
salivary gland virus. The salivary gland viruses discovered in 

Table II 


Comparison of Salivary Glattd Vmises with Pathogenic Viruses 


1 

Salivary gland viruses 1 

Pathogenic viruses 

No recognizable s3Tnptoms 

Severe S3anptoms 

Affect infants 

Older individuals, infants often relatively 
immune 

Marked cellular hypertrophy 

Little or no hypertrophy 

Larger inclusions 

Smaller inclusions 

Accompanied by basophilic cytoplasmic 
inclusions 

Not so accompanied 

Inclusion-laden cells persist for months 

Are quickly removed 

Active virus remains latent in tissue ap- 
parently as long as inclusions persist 

Soon disappears or loses potency, for 
transmissions must be made promptly 
if they are to be successful 

Virus has been transmitted only to same 
species 

In many cases it has been transmitted to a 
wide range of species 

Transmission only to individuals so young 
(generally under i month) that they 
have not become naturally infected 

Adults equally satisfactory for transmis- 
sion unless previously infected 

Incidence in a group high, in some in- 
stances 100 per cent 

' Incidence comparatively rare 


guinea pigs, rats, mice and hamsters, and suspected in humans, 
moles and Cebus fatuellus, are probably representatives of quite a 
large group, for it is likely that many others will be discovered. 
Even with the evidence now available it is possible to contrast these 
inapparent salivary gland viruses with pathogenic nuclear inclusion- 
producing viruses, like those of herpes and yellow fever (Table II), 
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The association between persistence of inclusions and presence of 
active vims may be stressed. Our reason for thinking that the 
inclusion-laden cells persist for months depends upon the age of 
formation, the age of disappearance and the likelihood of replace- 
ment of old inclusions by newly developed ones in the interval. 

The age of formation is certainly early. Thus, Lowenstein^® 
found inclusions in the parotid of a 2 months old infant; Wagner 
in the sublingual of a 2 weeks old infant; Cole and Kuttner in 3 
out of 43 guinea pigs less than i month old; and Thompson^ in 10 
out of 70 rats, 2 months old. 

Very httle attention has been paid to the age of disappearance. 
In humans Farber and Wolbach foimd inclusions in 22 out of 183 
infants of 17 months or less. This was a 12 per cent incidence, but 
80 per cent were in individuals under i year of age. After i year they 
probably disappear quite rapidly, but accurate data on a large series 
are lacking. In “adult” guinea pigs they have been observed by 
many workers and in high percentages of 80 or more. It is difficult 
to estimate the age of adult guinea pigs ordinarily used in the labora- 
tory but it can be taken conservatively as i 3’^ear. Thompson failed 
to find inclusions in 12 rats 6 months old. Our Cebus monkeys were 
at least 3 years old but the age of inclusion formation is not known 
for them or for adult moles. The available information about adult 
hamsters and mice is not helpful. 

With reference to replacement in humans, a statement by Farber 
and Wolbach is instmctive: “One perplexing feature in our study 
of the inclusion bodies was failure to find small forms which could 
with confidence be interpreted as stages in formation. If the in- 
clusions were present at all they were strikingly alike and withm a 
narrow range of size and detail.” The Rectors in their report on 
moles also remarked upon the imiformity of the inclusions and the 
absence of young forms. The same feature was exhibited by Cebus. 

It is clear from the e.xperiments of Pearson in our laboratory that 
cells hypertrophied to the maidmum degree and charged with nu- 
clear and cytoplasmic inclusions are dead. The nudear changes 
alone are so drastic as to appear incompatible with life. All the 
epithelial cells of the glands possess mitochondria in the usual num- 
ber except the inclusion-laden ones from which the mitochondna 
have completely disappeared. Neither do they behave like living 
cells. VTien Pearson transplanted the glands of guinea pigs into the 
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peritoneal cavity, these cells with inclusions differed sharply from 
all the rest by not exhibiting autolytic changes; we think, because 
they were already dead. 

Dead cells are as a rule promptly disposed of by the organism. 
It is surprising how these persist, maintaining their distinctive prop- 
erties without being desquamated, falling a prey to phagocytes or 
being removed by autolytic enzymes. It is also interesting that we 
have come to rely upon such dead cells as marking the existence of 
active virus. 

Is the virus bound to the surface of the dead cells or locked away 
in their cytoplasm or nucleus? If it is simply a case of adsorption on 
their plasma membranes the association must be a very intimate one 
amounting almost to chemical combination for, as pointed out by 
Scott and Pruett, the cells are so placed that their surfaces are being 
constantly washed by the passage of large volumes of water. In 
some species they are in acinous cells, in others in duct cells or in 
both. The duct cells are of the intercalated and secretory variety. 
It is by transfer through the walls that water is added to the secre- 
tory products. No instance is on record of the formation of inclu- 
sions by the cells of the collecting ducts, the walls of which are not 
regularly flushed by fluid tides in this way. Nature has indeed se- 
lected one of the worst places in the body for the attachment of virus 
to cells if this attachment is capable of being loosened by currents of 
fluid. On the h5q)othesis that the virus is held in the cytoplasm 
or in the nucleus, the immunity of the dead cells to the usual forces 
of disintegration would appear to favor its persistence over long 
periods. 


Summary 

Intranuclear inclusions, closely resembling those caused by sali- 
vary gland viruses, were found in the parotid and submaxillary 
glands of 2 Cebus faiuellus which had received irradiated ergosterol 
but which showed no signs of disease. No inclusions were observed 
in the salivary glands of 18 Macacus rhesus similarly treated. 
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DESCRIPTION OF PLATE 


Plate 89 

Figs. 1-6. Photomicrographs taken at a magnification of 1600 diameters of 
nuclear inclusion-laden cells in the salivary glands of Cebus fahielhts. 
Figs. I and 2, and 5 and 6 are of the parotid, and Figs. 3 and 4 of the sub- 
maxillary gland. 
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Nuclear Inclusions Suggestive of Virus Action 




NUCLEAR INCLUSIONS IN THE KIDNEYS OF 
MACACUS RHESUS MONKEYS * 

E. V. COWDRY, AND GORDON H. ScOTT 

• {From the Anatomical Laboratory, Washington University School of Medicme, 

St. Louis, Mo.) 


Evidence is accumulating that the kidneys may be the site of 
action of inapparent viruses just as the salivary glands have been 
shown to be. Hypertrophied cells possessed of nuclear inclusions 
suggestive of virus action have been reported in the kidneys of 
human fetuses and young children by a number of investigators. 
Some of the problems raised by their discovery have been critically 
considered by Farber and Wolbach.^ Intranuclear inclusions have 
been noted in the kidneys of London sewer rats and of Macacus 
rhesus and Cercopithecus sp. monkeys by Hindle and Stevenson.^ 
They have also been found by Cowdry, Lucas and Fox ^ in several 
other species, likewise without symptoms of disease. In this paper 
we shah, consider the inclusions in Macacus rhesus particularly after 
the administration of large doses of irradiated ergosterol 10,000 x 
(Mead Johnson and Company). 

Observations 

We first encountered the inclusions in the kidneys of 12 out of 16 
Macacus rhesus which had been treated with the irradiated er- 
gosterol. But, instead of being very rare and of exhibiting uniform 
properties like those in the salivary glands of Cebus fatuellus,^ moles,® 
rats® and other forms, these renal nuclear inclusions occurred in 
large numbers and were highly variable. They could be arranged in 
series beginning with a normal ceU and extending by imperceptible 
changes to a considerably enlarged cell with hypertrophied nucleus 
and conspicuous nuclear inclusion (Figs, i and 2). That is to say, 
we seemed to be dealing with a process active at the time the kidneys 
were fixed. There was no definite tissue reaction about the affected 
cells. The kidneys of 2 animals exhibited marked lymphocytic infil- 

* Aided by a grant made by the Rockefeller Foundation for research in virus 
diseases, and an appropriation from a grant by the Rockefeller Foundation to Wash- 
ington University for research in science. 
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tration, of 5 slight infiltration, and of the remaining 9 no infiltration. 
Some of the inclusion-laden cells showed the classical features of 
cloudy sweUihg but others did not. Desquamation of cells into the 
lumen was slight. One kidney exhibited marked calcium deposition 
but in it the inclusions were not particularly abundant. In the kid- 
neys that showed most inclusions the nuclei of many of the tubule 
cells were very atypical. Some were enormously enlarged (Figs. 3 
and 6), had budded extensively so that a single nucleus was replaced 
by 20 or more tiny ones (Fig. 5), or contained vacuoles that stained 
feebly with eosin (Fig. 4). A few nuclei were in process of mitotic 
division. The picture seemed almost neoplastic but there was no 
new formation of tubules. Evidence, however, of a relation between 
this nuclear polymorphism and inclusion formation was not forth- 
coming. Some of the largest inclusions occurred in nuclei that were 
enlarged but not atypical in structure and the most hypertrophied 
and atypical nuclei were sometimes devoid of inclusions (Fig. 6). 
The maximum weight of the animals showing inclusions was 
3800 gm., the minimum, 2560 gm. and the average, 2960.9 gm. The 
sexes were about equally divided. They were 3 to 4 years old. 

Examination of the kidneys of 10 normal controls brought to light 
only I that exhibited nuclear inclusions — an incidence of 10 per 
cent as compared with 75 per cent in the monheys treated with ir- 
radiated ergosterol. To answer the question of whether or not the 
irradiated ergosterol was responsible for this increase we looked for 
nuclear inclusions in ah of the kidneys of Macacus available in our 
laboratory and foimd them in: 

16 out of 85, or 18.8 per cent of experimental poliomyelitis animals, many of 
which were killed before severe symptoms ensued. 

2 out of 4, or 50 per cent found dead of unknown cause. 

None out of 18 (acute diarrhea, 9; rabies, i; meningitis, i; tuberculosis, 45 
pneumonia, 2; and i killed after injection of measles blood). 

Interpretation of the results of any search of this sort for inclu- 
sions wnh depend upon how comprehensive it was. In this case the 
survey was limited to a thorough examination, with the aid of a 
mechanical stage, of one hematoxylin and eosin-stained section from 
each animal. The sections were 7/i thick and averaged 2 sq. ot- m 
extent. They passed through cortex and medulla in a direction at 
right angles to the external (lateral) surface and midway between 
anterior and posterior poles. About 80 per cent of the sections in- 
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eluded the renal pelvis. Undoubtedly the incidence of inclusions 
would have been greater had more tissue been examined. But 
i8.8 per cent in the poliomyelitis animals and i6.8 per cent in the 
whole series of 107 is distinctly less than 75 per cent in the monkeys 
given irradiated ergosterol. The percentage for the latter was calcu- 
lated on the basis of a comparable examination of a single section 
from each monkey. The 10 normal monkeys and the 107 employed 
in different experiments were of about the same size and age as those 
subjected to irradiated ergosterol. 

Further support for the theory that the irradiated ergosterol 
aided in inclusion formation came from a comparison of the inclu- 
sions in animals treated and untreated with ergosterol. Among the 
18 positive cases, in the 107 which did not have the ergosterol, 4 con- 
tained many inclusions with grading properties indicative of an 
active process and 14 showed only rare, hypertrophied inclusion- 
laden cells reminiscent of those in the salivary glands of Cebus, 
which point, we think, to a static condition. No more than 2 of these 
large cells were observed in a single section. One was binucleated 
and 2 were not cut in a plane favorable for making measurements. 
This left only 13, of which the measurements in microns given in 
Table I were made. 


Table I 

Measiire7)ienls of Cells, Nuclei and htclusions 


Measurements 

Cells 

Nuclei 

Inclusions 


M 



Maximum largest diameter 

19. 2 

15.6 

■H 

Minimum largest diameter 

j 

12.0 

9.6 

' 4-5 

Average largest diameter 

15-0 

II. 0 

1 

5-6 


Evidently these measurements were not very different from those 
already given by us for the inclusion-laden cells in the salivary 
glands of Cebus.^ The inclusions were hkewise wholly acidophilic. 
Margmation of chromatin and battening of the nucleolus on the 
nuclear membrane took place (Fig. 9) in the same way and appar- 
ently to the same extent. Stages in the final disintegration of the 
affected cells were lacking, as in the salivary glands, and cells im- 
mediately next to them showed no alterations not seen in more re- 
mote ones. Two differences, perhaps of minor importance, were 
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noted. The nuclei of the affected renal cells were less uniformly 
spherical and basophilic cytoplasmic inclusions were rarer, being 
detectable in 4 out of 18 cells as compared with 22 out of 33 in the 
salivary glands. They are best illustrated above and to the left of 
the nucleus in Figure 9. The point to be emphasized is that in this 
large series of non-treated monkeys the inclusion-containing cells in 
the majority of kidneys showing inclusions (14 out of 18) were all 
modihed to about the same degree, were of rare occurrence and un- 
accompanied by a distinctive local reaction pointing, as we have 
intimated, to a process which was latent, halted or static. 

A study of the distribution of inclusions was made to ascertain 
whether there was a significant spreading of the condition in the 12 
Macacus given irradiated ergosterol and possessed of inclusions, as * 
compared with the others. No inclusions were seen in the cells 
of the renal corpuscles or renal pelvis of any of the animals. In 
Table II the presence of many nuclear inclusions of variable 
size — our presumed active process — is indicated by a plus sign. 
When large hypertrophied cells were seen, the number in the section 
is presented in numerals i or 2, for there were never more. When no 
inclusions were seen a minus sign is inserted. 

The data in the table show how much more widespread, as well as 
more numerous, were the inclusion-holding cells in the animals given 
irradiated ergosterol, but do not tell the whole story of distribution. 
The thin and thick segments exhibited inclusions only when situated 
in the cortex. The parts of these segments extending into the me- 
dulla in the Malpighian pyramids, like the collecting tubules in the 
pyramids, were always devoid of inclusions in this lot of animals as 
far as our observations went. It was unusual to find inclusions in the 
cortex immediately within the capsule. The inclusions were pnnci- 
pally centered in the cortical substance at a depth from the capsule 
of more than 100 jx in both types of convoluted tubules, in the thick 
segment, initial collecting tubules and those parts of the collecting 
tubules in the medullary rays. 

The protocols of the experiments were then studied to discover 
whether or not a relation existed between the dosage of irradiated 
ergosterol and the activity of inclusion development. For this pur- 
pose the kidneys were listed in groups depending on the number of 
inclusions. The data given in Table III show no evidence of such 
relation. 
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The literature abounds in references to renal lesions caused by 
various irradiated ergosterol or cholesterol preparations in hu- 
mans/’ ® dogs/’ rats/^ rabbits/^’ guinea pigs and other forms, 
but there is no mention of the formation of nuclear inclusions. While 


Table II 

Distribution of Inclusions 


Monkej’s 

No. 

Neck 

segment 

Pro-xi- 
mal con- 
voluted 
tubule 
with 
medul- 
lary por- 
tion 

Thin 
segment 
medul- 
lary loop 

Thick 
segment 
medul- 
lary loop 

Distal 

convo- 

luted 

tubule 

Initial 
collect- 
ing tu- 
bule 

Collect 
ing tu- 
bule 

Ducts 

of 

Bellini 

Treated with irra- 

67 


4 “ 


+ 

+ 

4 - 

_ 

. 

diated ergosterol 

89 

- 

“h 

— 

+ 

+ 

4 “ 

+ 

— 


113 

— 

+ 

+ 

+ 

4 * 

+ 

+ 

— 


124 

— 

4 * 

+ 

+ 

+ 

+ 

+ 

— 


127 

— 

+ 

— 

+ 

+ 

— 

— 

- 


134 

— 

+ 

— 

— 

— 

— 

— 

— 



— 

+ 

+ 

+ 

4 “ 

4 " 

- 

- 


14T 

— 

— 

— 

+ 

4 " 

4 ~ 

4 - 

— 


143 

— 

— 

— 


+ 

— 

4 - 

— 


146 

— 

+ 


+ 

+ 

4 * 

4. 

— 


158 

— 

_ 

— 

— 

— 

— 

+ 

— 


358 

— 

+ 

— 

— 

4 " 

— 

— 

— 

Not treated 

5 

10 

- 

4 - 

I 

- 

+ 

4 - 


- 

- 


2.0 

30 


1 

+ 

- 

+ 

4 ~ 

+ 


— 


31 


I 

— 




— 

— 


40 

57 

- 

- 

H 


■ 

2 

- 

- 


84 

no 

- 

- 

■ 


I 

I 

- 

- 

- 


III 

— 


— 

I 

— 

— 


— 


II6 

— 

+ 

— 

4 " 

+ 

— 

— 

- 


II7 

“ 


— 

— 

I 

— 

— 

— 


II9 

— 

I 

— 

— 

— 

— 

— 



133 

— 

I 

— 

— 

I 

— 

— 

- 


172 

— 

— 

— 





— 

+ 


189 

- 

— 

— 

— 

I 

— 

— 

- 


234 

I 





■ 




it is possible that the inclusions might occasionally have been over- 
looked by individuals not actively searching for them, the uniform 
absence of reports of their occurrence suggests that the administra- 
tion of irradiated ergosterol is not alone responsible for their de- 
velopment. All that can be said, therefore, is, that in our monkeys 
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the irradiated ergosterol may have activated or intensified a process 
already latent in the kidneys, as indicated by the occasional finding 
of inclusion-laden cells in the untreated monkeys. In the submaxil- 

Table in 


Study of Relation Between Dosage of Irradiated Ergosterol and Activity of Indusion 

Development 


Inclusions 

No. 

Total 
cc. er- 
gostcrol 

1 

Number! 
of doses j 

Period 
in days 

Blood calcium 

Blood phospho.Tis 

Inclusions 

most 

numerous 

89 

30.0 

27 

i 

153 

mg. pet 200 cc. 

17. 1 

mg. per lOO u. 

7-2 

2 days before death 

124 

5-0 

B 

Wm 

12,0 


146 

6.5 

13 

85 

10.5 

9 days before death 


113 

ir.o 

20 

132 

9-31 

2 days before death | 

5-6 

Very 

numerous 

67 

S-o 


3 

' ' i 

' • 

127 

37-5 

26 

152 1 

11-3 

i 

JI.O 

I day before death 

13s 

14.0 

21 

B 

10. 7 

7-7 

358 

13.0 

20 

265 

II. 2 

5-8 

Numerous 

141 

10.0 

2 

31 

II -5 

! 

143 

126.0 

126 

1 

130 

14.9 

4 days before death 

6.5 

Rare 

134 

33-0 

28 

152 

10.8 

7-3 

158 

33-0 

28 1 

152 

18.4 

8-5 

No inclusions 

144 

5-0 

B 

5 

II. 8 

-• 

147 

12 . 5 

20 

263 

11-3 

S- 5 , 

A 

30.0 

3 

73 

I 

12.67 

8 2 

I day before death 

B 

12,0 

2 

5 

12.94 

T day before de^ 


lary glands of guinea pigs Scott suppressed the development 0 
inclusions by ligation of the duct and greatly increased it by the in- 
jection of pilocaipine, thus demonstrating the influence of expen 
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mental alterations in pii5'^siological activity. The nuclear inclusions 
found by Pappenheimer and Maechling in kidney cells as the re- 
sult of the administration of certain bismuth preparations are obvi- 
ously different from those with which we are concerned on account 
of their marked basophilia and other features. 

A survey was made of other tissues of these Macacus monkeys to 
determine whether the reaction of nuclear inclusion formation was 
restricted to the kidneys or not. In the following list of tissues the 
number of animals in which each was examined is given in paren- 
theses. 

Fundus (16), ileum (13), colon (13), duodenum (5), pancreas (15), spleen 
(15), liver (20), adrenal (15), urinary bladder (17), l3rmph node (ii), skeletal 
muscle (13), lung (15), thymus (12), di3Toid (13), parathyroid (8), trachea (12), 
esophagus (9), mucous membrane of cheek (8), ovary (8), vagina (4), uterus 
(7), testis (6), prostate (5), jejunum (9), pituitary (6), skin of back (5), Fallo- 
pian tube (2), heart muscle (24), cerebral cortex (4), cerebellar cortex (6), 
cervical spinal cord (5), cervical spinal ganglia (3), bone marrow (5), lacrimal 
gland (i), tonsil (2), mammary glands (2), submaxiUary gland (13), parotid 
(ii) and sublingual gland (i). 

No greatly hj^ertrophied, inclusion-holding cells comparable to 
those which we have reported in the salivary glands of Cebus and in 
the kidneys of Macacus were encountered, but we did find nuclear 
inclusions of Cowdry’s type B in the medullary cells of ii adrenals, 
in hepatic cells of 4 livers, in epithelial cells of i lung and in the pars 
distalis cells of i pituitary. In all these tissues the inclusions were 
smaU, the cells carrying them appeared in other respects to be normal 
and they were of rare occurrence, although no single section of the 
tissues mentioned was absolutely free from them. 

It will be recalled that Stewart and Rhoads and Covell have 
reported nuclear inclusions possibly caused by a virus in Macacus 
rhesus in the absence of clinical signs of disease. Covell discovered 
them in either the nasal mucous membrane, trachea, bronchioles, 
alveoli of lungs or bile ducts of the liver in 20 out of 60 monkeys. 
The highest frequency was in the pulmonary alveoli of 12 animals. 
He stated that no inclusions were observed in other parts of the 
body. The inclusions which he figured do not look much like those 
with which we are concerned. In the absence of transmission experi- 
ments it is idle to speculate on the relation of the inclusions we have 
reported in the kidneys to the others we have foimd elsewhere and 
to those of Stewart and Rhoads and of CoveU. 
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Discussion 

The nuclear inclusions in the series of Macaciis rhesus not treated 
with irradiated ergosterol closely resemble those that we have found 
in the salivary glands of Cebus faiuellus. In both there are: (i) great 
nuclear hypertrophy; (2) development of single, spherical nuclear 
inclusions that are acidophilic; (3) flattening of nucleolus on nuclear 
membrane; (4) partial or total margination of all basophilic chro- 
matin on the nuclear membrane so that the inclusion is surrounded 
by a distinct and wide halo; and (5) the formation of basophilic, 
cytoplasmic inclusions. There is the further common feature of uni- 
formity and rarity of the inclusion-laden cells, pointing, we believe, 
to a latent rather than an active process in both kidneys and salivary 
glands for reasons already presented.'^ This close resemblance is 
compatible with the view that the nuclear inclusions in both situ- 
ations are produced by a single or by two closely related viruses. In 
favor of the idea that one virus is acting in human infants, is the fre- 
quency of reports of similar inclusions not only in the salivary glands 
and kidneys but also in other parts of the body such as the lungs, 
liver, thyroid and so on. But Kuttner and Wang^® say that an 
analysis of the cases shows “that in those instances in which the sub- 
maxiUary and parotid glands are reported as involved, inclusions are 
not found in the other tissues of the body.” This line of reasoning 
has little force imless it is clear that all the organs concerned have 
been equally thoroughly examined and that negative observations 
are reported as regularly as positive ones. Rats may exhibit both 
sahvary gland and renal inclusions but it is not known whether there 
is a coexistence of the two in single individual rats or not. In other 
species restriction to one locality or the other is definite and im- 
pressive: 

Guinea pigs (many investigators) — salivary glands, not kidneys. 

14 moles •• — salivary glands, not kidneys. 

2 Ccbns fahiellus ^ — salivary glands, not kidneys. 

16 Macacus rlKsits — kidneys, not salivary glands. 

The nuclear inclusions, whether in what we call the latent state 
characterized by uniformity and rarity in untreated Macacus rhesus, 
or in the active condition suggested by abundance and diversity 
after the administration of irradiated ergosterol, indicate the possi- 
bility of a \drus being present in the kidneys without any attention 
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being called to it by any clinically recognizable symptoms of disease. 
From the difference in the location of the affected cells and in the 
appearance of the inclusions it is probable that the hypothetical 
virus differs from the other hypothetical virus responsible for the 
formation of the inclusions described by Stewart and Rhoads and 
by Covell/® so that two inapparent viruses may exist in the Macacus 
rhesus, the monkey most frequently used for experimental purposes. 

Summary 

Intranuclear inclusions suggestive of virus action were found in 
the kidneys of 12 out of 16 Macacus rhesus given repeated doses of 
irradiated ergosterol, of i out of 10 normal controls, and of 18 out 
of 107 pathological controls consisting of animals employed in the 
laboratory in a variety of experiments but not given irradiated 
ergosterol. 

REFERENCES 

1. Farber, S., and Wolbach, S. B. Intranuclear and cytoplasmic inclusions 

(“protozoan-like bodies”) in the salivary glands and other organs of 
infants. Am. J. Path., 1932, 8, 123-135. 

2. Hindle, E., and Stevenson, A. C. Hitherto undescribed intranuclear bodies 

in the wild rat and monkeys, compared with known virus bodies in 
other animals. Tr. Roy. Soc. Trap. Med. Byg., 1929-30, 23, 327. 

3. Cowdry, E. V., Lucas, A. M., and Fox, H. Distribution of intranuclear in- 

clusions in wild animals. Am. J. Path., 1935, n, 237-252. 

4. Cowdry, E. V., and Scott, Gordon H. Nuclear inclusions suggestive of 

virus action in the salivary glands of the monkey, Cebiis fahieUiis. 
Am. J. Path., 1935, ii, 647-657. 

5. Rector, E. J., and Rector, L. E. Intranuclear inclusions in the salivary 

glands of moles. Am. J. Path., 1934, 10, 629-636. 

6. Thompson, M. J. Intranuclear inclusions in the submaxillary gland of the 

rat. J. Infect. Dis., 1932, 50, 162-170. 

7. Putschar, W. tJber Vigantolschadigung der Niere bei einem Kinde. 

Zisclir. J. Kinder}/,., 1929, 48, 269-281. 

8. Bamberger and Spranger. Vigantol bei tuberkulosen Kindern. Deutsche 

med. Wchnschr., 1928, 54, 1116-1119. 

9. Demole, V., and Fromherz, K. Serumcalcium und Organverkalkungen 

unter der Wirkung von bestrahltem Ergosterin. Arch. f. exper. Path, 
u. Pharmakol., 1929, 146, 347-360. 

10. Reed, C. I., Thacker, E. A., DiUman, L. M., and Welch, J. W. The effects 
of irradiated ergosterol on the metabolism of normal dogs. J . Nutrition, 
I 933 j 6, 355-370. 



668 


COWDRY AND SCOTT 


11. Gough, J., Duguid, J. B., and Davies, D. R, The renal lesions in hyper- 

vitaminosis D: observations on the urinary calcium and phosphorus 
excretion. Brit. J. Exper. Path., 1933, 14, 137-145. 

12. Billig, E. XJngewohnliche Glomerulusveranderungen bei einem mit 

bestrahltem Ergosterin ver^teten Kaninchen. Beitr. z. path. Anat. u. 
z. allg. Pathol., 1930, 85, 717-722. 

13. Haendel, M., and Malet, J. Uber Ergosterinvergiftung. I. Beitrag zum 

Lipoidstoffwechsel. Virchows Arch. /. path. Anat., 1930, 276, 1-13. 

14. Scott, Gordon H. Studies on the submaxillary virus of guinea pigs. J. 

Exper. Med., 1929, 49, 229-236. 

15. Pappenheimer, A. M., and Maechling, E. M. Inclusions in renal epithelial 

cells following the use of certain bismuth preparations. Am. J. Path., 
1934, 10, 577-588. 

16. Cowdry, E. V. The problem of intranuclear inclusions in virus diseases. 

Arch. Path., 1934, 18, 527-542- 

17. Stewart, F. W., and Rhoads, C. P. Lesions in nasal mucous membranes of 

monkeys with acute poliomyelitis. Proc. Soc. Exper. Biol, fe* Med., 
1928-29, 26, 664-665. 

18. CoveU, W. P. The occurrence of intranuclear inclusions in monkeys unac- 

companied by specific signs of disease. Am. J. Path., 1932, 8, iSi-iS?- 

19. Kuttner, A. G,, and Wang, S.-H. The problem of the significance of the 

inclusion bodies found in the salivary glands of infants, and the occiu- 
rence of inclusion bodies in the submaxillary glands of hamsters, white 
mice, and wild rats. J. Exper. Med., 1934, 60, 773-791. 


DESCRIPTION OF PLATES 
Plate 90 

Photomicrographs at a magnification of 1600 diameters of hematoxj'lin and 

eosin-stained sections of renal tubules of Monkey 89 treated wdth irradiated 

ergosterol, as detailed in the text. 

Figs, i and 2. Acidophilic inclusions of variable size surrounded by clear halos 
in nuclei, some of which are enlarged while others are not. 

Fig. 3. A greatly hypertrophied nucleus in the lower central part of the figure 
which contains an inclusion. 

Fig. 4. Two nuclei, hypertrophied, slightly flattened and vacuolated hut 
without distinctive inclusions. 

Fig. 5. Li the upper right hand side of the tubule is a nucleus that has under- 
gone extensive budding. 

Fig. 6. Extreme degree of enlargement and polymorphism of nuclei vnthout 
the formation of inclusions. 
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Plate go 
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N’uclear Inclusions in Kidneys of .t/dcu'-.-fT JihrMi: 




Plate gi 

Photomicrographs at a magnification of 1600 diameters of nuclear inclusion- 
laden cells in monkeys that were not given irradiated ergosterol. 

Fig. 7. IMonkey iii, experimental poliomyelitis. Single, large, spherical in- 
clusion-containing cell. 

Fig. 8. Same kidne\^ A similar cell free in the lumen or attached to the wall 
at a higher or lower level in the tissue. 

Fig. 9. Monkey 57, experimental poliomyelitis. Margination of the nucleolus 
on the nuclear membrane is evident. Basophilic cytoplasmic inclusions. 

Fig. 10. Monkey 62, experimental poliomyelitis. A binucleated cell. The 
nucleus to the left contains a tj^pical inclusion. The nucleus to the right 
is not shown because it was on a different focus. The cytoplasm was quite 
acidophilic. 

Fig. II. Monkey 40, cause of death unknown. Two inclusion-laden cells. 

Fig. 12. Monkey 172, cause of death unknown. Epithelium of duct of Bellini 
cut at an acute angle with the surface. Two nuclei with inclusions. 
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NEUROPATHOLOGY OF EXPERIMENTAL VITAMIN 

DEFICIENCY * 

A REPORT OF FOUR SERIES OF DOGS MAINTAINED ON DIETS 
DEFICIENT IN THE B VITAMINS 

Margaret Crane-Lillie Gildea, B.S., William B. Castle, M.D., Edwin F. 

Gildea, M.D., AND Stanley Cobb, M.D. 

{From the Neurological Unit, Boston City Hospital; the Department of Neuropathology, 

Harvard Medical School; the Thorndike Memorial Laboratory, Second and Fourth 
Medical Services {Harvard), Boston City Hospital; and the Department of 
Medicine, Harvard Medical School, Boston, Mass.) 

Introduction 

Recently a number of workers have tried to produce lesions of the 
nervous system in animals with diets deficient only in the vitamin B 
complex or in one portion of it. The divergent results of these obser- 
vations ® may be due to several causes. Diets made up of natural 
foods vary in composition in a manner that is at present little under- 
stood; thus, only diets made up of artificial foods can be relied upon 
to produce the desired vitamin deficiency. Furthermore, different 
species of animals vary greatly in their capacity to live on a deficient 
diet without manifesting s3miptoms. The rat, for example, if de- 
velopment of polyneuritis is used as a criterion, has been shown to be 
quite resistant to the effects of a diet deficient in vitamin B. Even 
animals of the same species vary in their susceptibility to deficient 
diets. The type of food on which the animal has been living before 
the beginning of the experimental regimen may account to some 
extent for these individual differences. Finally, the length of time 
that an animal lives on the deficient diet is a consideration that has 
not been sufficiently stressed. When an animal is completely de- 
prived of vitamin B, it loses its appetite and may die rapidly of 
starvation. Under these conditions, Woollard ^ and, later, Kon and 
Drummond,® have concluded that the minor nervous system lesions 
which they have been able to discover can be reproduced by in- 
anition and cachexia alone. Their animals, however, appear to have 

* The expenses of this work were defrayed in part by a grant from the Proctor Fund 
of Harvard University for the Study of Chronic Disease. 
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been deprived of vitamin A at the same time that they were starved, 
and this may account for the lesions.® 

Cowgill ® has done extensive work in the development of arti- 
ficial diets, and has produced severe nervous symptoms in dogs fed 
on an artificial diet almost entirely deficient in the vitamin B com- 
plex, but presumably adequate in every other respect. Goldberger 
and others,® working with dogs, have been able to show that dried 
yeast contains two components, one of which is heat labile, the anti- 
neuritic factor, vitamin Bi or F, and the other heat stable, which 
they considered the pellagra-preventing factor and which is now 
known as vitamin B2 or G. Stem and Findlay studied two series 
of rats fed on diets deficient in vitamins Bi and B2, respectively. 
They found early degeneration of the myelin in the peripheral nerves 
and chromatolytic changes in the ganglion cells of the spinal cord 
when vitamin Bi was lacking, and only vacuolization with lipo- 
chrome deposits in the ventral horn cells of the spinal cord when 
there was a deficiency of vitamin B2. Because of the resistance of 
rats, it is surprising that these authors were able to find so much 
evidence of pathological changes in their animals. 

Gildea, Kattwinkel and Castle, using a diet described by Cow- 
gill as deficient in the vitamin B complex, were able to reproduce 
the nervous system symptoms in dogs which Cowgill had reported 
as due to polyneuritis. They emphasized the fact that the symp- 
toms suggested disturbance mainly of the central, rather than of the 
peripheral nervous system. In their first series of dogs maintained 
on the Cowgill diet, deficient in both vitamins Bi and B2, the af- 
fected animals were repeatedly treated with vitamin B concen- 
trates * until they improved, and then were allowed to develop 
symptoms again. After a number of such therapeutic attempts the 
process became irreversible and large doses of the concentrate no 
longer brought about a recovery. Grinker,^® working with rats, has 
questioned the severity of these s)miptoms, and the existence of a 
definite spastic paralysis. Cowgill " published, in 1921, pictures of 
dogs that had developed “paralysis” while subsisting on a diet of 
the same type as the one employed in these experiments. In Figure i, 
pictures taken from a motion picture fihn of the dogs studied by 
Gildea and his associates are presented as a final answer to Grinker s 

♦ Yeast vitamin B (Harris Laboratories); alcoholic extract of wheat embryo (cour 
tesy of Eli Lilly and Company). Sec appendix. 
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criticism. These illustrations, which represent the condition of the 
animals when therapy with vitamin B concentrates was no longer 
able entirely to clear up the symptoms, are necessarily inferior to 
the projected film, but the}’" show spasticity of the legs, with marked 
disturbances of equilibrium upon walking or running. Even in the 
last stages of the condition, when in some animals there was com- 
plete loss of motor power of the hind legs, the knee jerks remamed 
active, as shown in Figure iC. 

Gildea, Kattwinkel and Castle reported that sections of the 
nervous systems of their dogs (Figs. 2, 3, 4 and 5) revealed evidence 
of myelin degeneration in the spinal cords, and in 3 out of 8 animals 
in the peripheral nerves. These lesions were first observed in the 
Weigert-Pal preparations. In order to confirm the findings, addi- 
tional sections of the cords were stained with Spiehneyer’s technique 
and corroboration of the lesions in the Weigert-stained sections was 
apparently obtained. Shortly thereafter Zimmerman and Burack ^ 
reported a study of the nervous systems of dogs that had rapidly 
developed symptoms on a similar CowgiU diet which was thought to 
be deficient in vitamins Bi and Bz- The}’’ found demyelinization of 
the peripheral nerves, but were unable to find lesions in the spinal 
cord. Moreover,, they observed some evidence of degeneration in the 
nerves of their control animals. They pointed out that the lesions in 
the Spielmeyer preparations of Gildea and his associates were prob- 
ably artefacts. We have found Zimmerman to be correct in his 
criticism of some of the Spielmeyer-stained material, but we have 
been unable to discover any reason to question the lesions shown in 
Weigert-Pal preparations. 

It is noteworthy that in their first series of experiments Zimmer- 
man and Burack made no attempt to prolong the lives of the ani- 
mals, or to create a state of chronic dietarj'" deficiency. Recently 
they have completed a study of the nervous s3'-stem of 8 dogs which 
had been on a diet similar to the first one used by Gildea, Katt- 
winkel and Castle, except for the fact that they were given a Bi 
concentrate (considered to be free of Bs) from the beginning of the 
experiment. In contrast to the first series of dogs studied by Zim- 
merman, these animals lived for as long as 300 days. In the 2 dogs 
of the series that died first, no changes in the spinal cord were ob- 
served. In the 6 animals that lived longer, the pathological changes 
consisted in a marked demyelinization of the peripheral nerves,. 
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degeneration of the medullary sheaths, and replacement by gliosis 
of the dorsal columns of the spinal cord, particularly the fasciculi 
graciles. Degeneration of the medullary sheaths of the dorsal and 
often of the ventral nerve roots of the cord was found, and occasion- 
ally there were slight degenerative changes in many of the other 
fiber tracts of the cord. In contrast to their former observations it 
would appear that in this last series Zimmerman and Burack have 
reproduced in a thorough manner the chronic deprivation of vita- 
min B which was sought in our early experiments, and so have ob- 
tained corresponding pathological changes. Their observations, 
however, indicate that deficiency in the vitamin Bz component may 
be responsible for the development of the lesions of the nervous 
system. In the light of our experiments and of the results of Zim- 
merman and Burack, the failure of Grinker and Kandel® to find 
evidence of lesions of the nervous system in rats deprived of the 
vitamin B complex seems probably to have been due either to the 
fact that these animals died in acute illness, or to the unsuitability 
of the species for this study. 

Original Observations 

Since 1928 we have made four attempts to throw light on the. re- 
lation of vitamin B to lesions of the nervous system, especially of the 
spinal cord. The particular objective was to discover whether de- 
ficiency of vitamin B had a relation to those types of “combined 
system disease” encountered in pernicious anemia, in pellagra, and 
in chronic alcoholism. Thus, the first problem was to find out 
whether a disturbance of the central nervous system could be pro- 
duced by deficiency of vitamin B, and whether the clinical symp- 
toms of this syndrome could be accounted for by demonstrable 
pathological lesions. The present report confirms the fact that this 
objective was attained despite the criticisms of Zimmerman and of 
Grinker. The second problem was to discover whether vitamin Bi 
was the deficiency involved, and whether inanition played a part in 
the production of the symptoms and lesions. Lastly, since the clini- 
cal condition was to a certain extent reversible, an attempt was made 
to determine whether or not the pathological lesions could be di- 
minished by the use of a therapeutic agent. Observations were 
made throughout on the relation which peripheral neuritis bore 
symptomatically and pathologically to the syndrome. 
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Series I 

Series I consisted of 8 dogs that were put on a diet devised by 
Cowgill ^ (Diet I)* and supposed to be deficient in the vitamin B 
complex. After approximately a month of this diet all of the dogs 
developed anorexia, listlessness or weakness. An effort was made to 
maintain a chronic condition in these dogs by giving them extract 
of wheat embryo or yeast when marked neurological signs, often in- 
cluding convulsions and coma, had appeared. Except when the dis- 
turbance was too far advanced, they responded within 24 hours with 
an initial stage of marked general improvement. Then followed a 
slower second stage of recovery lasting several days, during which 
residual spasticity or ataxia of the hind legs was gradually relieved, 
but with progressive difficulty in subsequent relapses. Thus in suc- 
cessive relapses, after the initial relief of convulsions and coma, the 
hind legs especially were stiff and weak, and in some animals finally 
became paralyzed. Although it is difficult to be certain of sensory 
symptoms in animals, the behavior of these dogs, their awkward- 
ness, and the misplacement of their limbs certainly suggested that 
the perception of deep sensibility was abnormal (Fig. i). In general 
their reflexes were normal or hyperactive, and they appeared to have 
neither loss of skin sensation nor tenderness over the nerve trunks. 
Convulsions occurred in all but Dog i. Tetany and opisthotonos 
were observed. Death finally occurred following convulsions in 
Dogs 2, 3, 4, 5 and 7. Dogs i, 6 and 8 died quietly. The animals 
lived from 2 to 8 months. 

Autopsies were done as soon after death as possible. Grossly the 
findings were not remarkable. The alimentary mucosa was usually 
injected and occasionally there were minute hemorrhages. The 
brain and cord were usually somewhat hyperemic. Histological 
study of the central nervous system showed no definite cortical or 
cerebellar lesions in sections stained by the Weigert method, al- 
though in most cases NissI stains showed that the cerebral nerve 
cells and the Purkinje cells were degenerating. Fat was present in 
varying amounts in the nerve cells and perivascular spaces in the 
cerebral cortices of all animals. The cords showed definite myelin 
lesions (Weigert) in Dogs i, 2, 3, 5 and 6 and less clear-cut lesions 
in Dogs 7 and 8 (Figs. 2, 3, 4 and 5). The ventral horn cells were in 


* For diets, see appendi.’c. 
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poor condition (Nissl), and in some instances exhibited satellitosis. 
Fat was present in small amounts in the nerve cells of the spinal 
cords of Dogs i, 2, 5, 6 and 7. The amount of fat in aU of these 
sections was probably not significantly greater than in normal con- 
trols. Peripheral neuritis was considered present if more than 10 
per cent of the fibers in a nerve trunk contained material stainable 
with scharlach R or with osmic acid by the Marchi technique. By 
this criterion Dogs 1, 3 and 8 had peripheral neuritis. 


Series II 

The second series of 6 dogs was kept on the same Cowgill diet, 
with the addition of autoclaved yeast (Diet II) . It was thought that 
this diet was deficient only in vitamin Bi, the antineuritic vitamin. 
Within a month, as with Series I, the dogs showed loss of appetite, 
weakness and apathy. They did not seem to respond to vitamin 
treatment as well as the animals of Series I. This may have been due 
to the fact that not so much time was spent in tube feeding and other 
efforts to prolong life. In general they had progressive weakness and 
ataxia, followed by opisthotonos and convulsions with or without 
tetany. No paralysis was observed. The reflexes were always 
present, usually hyperactive, and the dogs exhibited no flaccidity or 
tenderness over the nerve tranks. They lived a much shorter time 
(an average of 2 to 3 months less) than the animals in Series I. All 
of them were dead within 6 to 14 weeks after the beginning of the 
experiment. 

At autopsy the organs appeared to be normal in gross, except for 
the injection of vessels in the alimentary mucosa and in the brain and 
cord. Dogs 2 and 6 had opacity and erosion of the cornea. Dog 6 
had an apparent increase in cerebrospinal fluid. Histological study 
of the central nervous system showed a questionable- myelin lesion 
(Weigert) in the cortex of Dog i, which was corroborated by a clearly 
positive fat stain. A definite lesion (Weigert) occurred in the cere- 
bellum of Dog 6, as well as a lesion of the pyramidal tract in the 
medulla. Ner\^e cells in the cortex and cerebellum were found to be 
undergoing degenerative changes, but to a lesser degree than m 
Series I. Fat was present (scharlach R stain) in small amounts m 
the cortices of Dogs i, 3 and 6, and in the cerebella of Dogs 2, 3 
and 6, Definite lesions (Weigert) occurred in the cord of only i am- 
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mal, Dog 6, which lived approximately 3 months (Fig. 6), The 
cres3d violet-stained section from the same cord showed gliosis. 
Practicall)’^ no fat was found. Peripheral neuritis occurred in Dogs 
2 and 6. In short, only 2 of the 6 animals had significant central 
nervous system lesions. 


Series III 

Series III was designed to determine what relation inanition bore 
to the clinical and pathological conditions observed in Series I and II. 
Seven dogs (i to 7) were placed on the original Cowgill diet, deficient 
in the vitamin B complex (Diet I). Three additional animals (2A, 3 a 
and -pv) were given daily amounts of a similar diet with the addition 
of 4 per cent b}’’ weight of granulated unheated yeast (Diet II) equal 
in weight to the amount of the vitamin B-deficient food eaten the 
previous day by Dogs 2, 3 and 4, respectively. Dogs 4 and 4A were 
each given also 8 cc. of cod liver oil daily. No attempt was made to 
prolong life by treatment with vitamin B concentrates. 

With the exception of Dog 3, aU 7 of the animals that were on 
diets deficient in the vitamin B complex (Diet I) showed the symp- 
toms described before — anorexia, spasticity and convulsions. In 
general they showed less ataxia than did the dogs of Series I and II, 
and their symptoms were less severe. They lived from 32 days to 
4 months, and all but Dogs 1 and 5, which were found dead, were 
killed with chloroform. Dog 5 had had very severe sjmiptoms and 
lived si months. Dog 3 showed no s}mptoms except mild loss of 
appetite. It was killed after 3I months, together with its control. 
Dog 3A. Because Dog 3 had not had much anorexia. Dog 3A had 
not had much inanition. Nevertheless, Dog 3A had been spastic, 
with exaggerated reflexes, for about a week before it was killed. 

The autopsies were essentially negative in gross. Dogs i and 4 
had corneal opacity and a purulent conjunctival discharge. Pneu- 
monia was found in Dogs 2 and 4. In Dog i there was blood in the 
stomach and intestines. Histopathological changes in the cord were 
entirely absent except in Dog 5. Since this dog was found dead, and 
in rigor, the myelin change was probably the result of postmortem 
autolysis. Dogs 2, 3 and 4 showed definite peripheral neuritis, which 
is interesting in view of the fact that reflexes were absent in Dog 2. 
None of the animals showed tenderness over the nerve trunks. 
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Series IV 

Series IV consisted of 10 dogs kept on the original Cowgill diet 
(Diet I) deficient presumably in the entire vitamin B complex. The 
experiment was designed to determine to what extent the patho- 
logical process was reversible. We hoped to demonstrate lesions in 
the animals that became sick and were allowed to die untreated, 
and either smaller lesions or none at all in the animals that were 
treated with tiki-tiki * during the acute phases of the illness, and 
with yeast (Diet 11 ) every day during the following period. These 
dogs, unlike those of Series I, were not allowed to relapse repeatedly, 
but were treated as soon as convulsions appeared and continuously 
thereafter. 

Four of the animals. Dogs 2, 3, 4 and 10, developed symptoms 
within 54 to 95 days after the beginning of the experiment. The 
s3mptoms, as before, were anorexia, spasticity, ataxia, paralysis, 
and finally convulsions. Therapy consisted in giving from 3 to 
4 cc. of tiki-tiki in each case and in supplementing the diet from then 
on with I gm. of granulated yeast daily per pound of dog. The 4 dogs 
lived on this diet from 69 to 105 days, and all finally showed com- 
plete clinical recovery. They were killed with chloroform. The un- 
treated animals. Dogs i, 5, 7 and 8 became ill within 58 to 88 days 
and, with the exception of Dog 5, showed all the symptoms listed 
above. Dog 5 was extremely spastic after 67 days, but died without 
having convulsions. Dogs 7 and 8 were chloroformed. Dogs 6 and 9 
showed no symptoms except a slight amount of anorexia. 

The autopsies, as usual, were not remarkable upon gross inspec- 
tion. Histological study showed no myelin change in any cord that 
we could not duplicate in our series of controls. Poliomyelopathy, 
consisting in disintegration of nerve cells, or in sateUitosis with de- 
generative changes in most of the nerve cells, occurred in all of the 
dogs to a significantly greater degree than was found in our senes 
of control animals. We could not demonstrate any less poliomye- 
lopathy in the cured animals or in the symptomless dogs than in the 
dogs that died in acute illness. Fat stains were negative throughout. 
Peripheral neuritis was present only in Dog 4, and was minimal. 


* See appendix. 
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Discussion 

Of the four groups of animals, Series I, given a diet deficient in the 
entire vitamin B complex, was the only group in which definitive 
myelin lesions were consistently found in the spinal cords. These 
dogs were the only ones in which repeated treatments with vita- 
min B concentrates were used to prolong life. Since in Series III 
and W an exactly similar diet was given to 17 animals, but with no 
particular attempt to create a chronic deficiency, so that the ani- 
mals died sooner, it is reasonable to conclude that a prolonged 
dietary deficiency is necessar}'- in order to produce demyelinization 
and other lesions of the central nervous system in dogs. This fact 
very possibly ex'plains the failure of Grinker and Zimmerman to 
confirm our original observations. As mentioned above, however, 
Zimmerman has recently found marked lesions in dogs which were 
fed with great care and persistence until they finally died at the end 
of about 300 days. These animals were given a similar diet but with 
the addition of a vitamin Bi concentrate from the beginning of the 
experiment. Deficiency of vitamin Bi is thus apparently not the 
basis of the morphological lesions. 

In Series II deficiency of vitamin Bi was found to produce severe 
disturbances, with a clinical picture including convulsions and coma. 
As in Series I, and as had previously been observed by Cowgill,'^ the 
administration of vitamin B concentrates had a rapidly beneficial 
effect. This result is in agreement with the belief of Findlay,^^ 
Kinnersley and Peters,^® and Gavrilescu and Peters that the 
syndrome produced by vitamin Bi deficiency must, in part at least, 
be accounted for by a “functional” disturbance of the central ner- 
vous S5''stem, i.e. by one not demonstrable by our present-day histo- 
logical methods. 

In Series I and II we were not able to demonstrate lesions (Wei- 
gert) in the cortex, although in i animal (Dog 6, Series II) we found 
a definitive myelin change (Weigert) in the cerebellum. The pres- 
ence of fat in the cerebral cortices, both in nerve cells and in scaven- 
ger spaces, of all the dogs of Series I and in 3 of the dogs of Series II 
leads us to believe that there were definite lesions present. The con- 
dition was probably not sufficiently advanced to produce myelin 
lesions. Cord lesions, which occurred in similar areas in a number of 
sections, were demonstrated by the Weigert-Pal technique in 7 of 
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the 8 dogs of Series I but in only i of the 6 dogs of Series II (Figs, 2, 
3, 4, 5 and 6). It was impossible to check these lesions with any 
other stain. The fat-stained sections were invariably negative, and 
the Nissl-stained sections showed only minimal changes, Mucicar- 
mine stains were done on both series and showed nothing abnormal, 
March! stains unfortunately were not done. 

In Series III and IV, despite acute symptoms, little or no morpho- 
logical evidence of myelin lesions was observed. Because of the 
symptoms of Dogs 3 and 3A (Series III) we conclude that either in- 
anition may produce a small part of the clinical syndrome (spas- 
ticity), or else a diet that has an adequate vitamin content for most 
animals ma}'’ be deficient for certain individuals. In Dogs 2, 3 and 4 
of this series histological peripheral neuritis is shown to bear an en- 
tirely inconstant relation to the clinical symptoms, having been 
found in the 3 animals that exhibited, respectively, flaccidity, no 
symptoms and spasticity. 


Conclusions 

1 . Seventeen dogs given a diet deficient in vitamin B (Cowgill) de- 
veloped signs of acute disturbance of the central nervous system and 
died without treatment with vitamin B concentrates. Only minimal 
histological changes were found in the central nervous system. 

2. Eight dogs given a similar diet, but whose acute neurological 
signs were repeatedly and temporarily relieved with vitamin B con- 
centrates, developed gradually a residual degree of spastic ataxia 
and eventually motor paralysis, with reflexes present. Definitive 
histological lesions of the central nervous system were found in all 
but I animal, 

3. Nissl stains of the cerebral and Purkinje cells and of the ventral 
horn cells revealed evidence of degeneration. Weigert-Pal stains of 
the spinal cords showed definite losses of myelin in 7 dogs. The 
peripheral nerves of 3 dogs showed an increase of material stainmg 
with scharlach R or with the March! technique. 

4. The results of observations on the effect of partial starvation, 
of supplements of cod fiver oil, and of therapy with dried yeast on 
morphological changes in the central nervous system were rendered 
inconclusive, probably because the basic deficiency was not suffi- 
ciently prolonged to produce morphological changes in the nervous 
system of any of the animals in such experiments. 
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APPENDIX 

Dicll’> 

20 gm. of this diet were given per kilo of body weight 


gm. 

Commercial casein water-washed grade 6.3 

Cane sugar 4,5 

Butter fat i.i 

Lard 2.8 

Bone ash 0,4 

Salt mixture, Karr * 0.2 

Water 4.7 


* Sodium chloride, 10 gm.; calcium lactate, 4 gm.; magnesium citrate, 4 gm.; 
iron citrate, igm.; Lugol’s solution, few drops. 


Diel II 

Basal diet as above, with the addition of 4 per cent by weight of autoclaved 

Fleischmann’s 5’^east 


Washed and purified casein from A. H. Thomas Company, and Adler Com- 
pany, Philadelphia, Pa. 

Dried yeast, Fleischmann Yeast Company, Boston, Mass. 

Bone ash, Howe and French, Boston, Mass. 

Yeast vitamin B extract, Harris Laboratories, Tuckahoe, N. Y. 

Alcoholic extract of wheat embryo, Eli Lilly and Company, Indianapolis, Ind., 
supplied by Dr. G. H. A. Clowes, 

Tiki-tiki, alcoholic extract of rice polishings, Bureau of Science, Manila, P. 1 . 
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DESCRIPTION OF PLATES 
Plate 92 

Fig. I. Single exposures taken at short intervals from a motion picture film 
of Dogs 2, 5 and 6 of Series I. The pictures demonstrate the spastiaty 
of the legs, wnth marked loss of equilibrium on walking or running, and the 
retention of the knee jerk with complete motor paralysis in the final 
stages of the condition. 

(A) Dog 5 vnth vride base of hind legs and spasticity. Note that the 
dog is jumping dear of the ground in the second picture, and after landing 
on rigidly extended legs attempts to run, but falls over in a ri^d attitude. 

(B) Dog 5 demonstrates particularly well the spastidty of the hin 
legs, which are shown lifted completely off the ground in the third picture, 

before falling. _ . , 

(C) Dog 6 in the final stage, vdth complete motor paralysis of the n 
legs. Note, however, that the knee jerk is present, causing blur in e 
fourth picture. 




Gilclea, Castle, Gildea and Cobb 


A'europathology of Experimental Vitamin Deficiency 






Plate 93 

I ‘he cords of 4 dogs of 

-^nrscribed Joss of myelin in 
^’°’ou?svmm« “ hul definite loss of my'clin wilh- 

along't he a„;SLtsure"‘“" ‘'’'= 

it ®ltfb;fedIrot m^lfrf ^ut irregn- 

from the same block of the cord of 

Stfnf/nl i A- 3 months on a diet deficient in 

fh^ c. ' convulsions. Both sections show a loss of myelin 

from fti lesion was observed in fourteen other sections 

irom the same block. ^^^eigert-Pal stain, x lo. 
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MONOCYTES AS A SOURCE OF ALVEOLAR PBAGOCYTES * 


John Ungae, Jr., M.D., and G. Randolph Wilson, M.D. 

{From the William H. Singer Memorial Research Laboratory oj the Allegheny General 

Hospital, Pittsburgh, Pa.) 


Conclusions regarding the origin of the alveolar phagocytes of the 
lung have been controversial since the earliest studies. The more 
probable sources of supply, namely, the alveolar epithelium, the 
macrophages of the pulmonary connective tissue, the monocytes of 
the circulating blood and the capillary endothelium have all been 
extensively investigated and championed. It has been our purpose 
to bring fresh evidence to the problem in an endeavor to settle the 
question definitely if possible. Many ingenious methods have been 
utilized in attacking this question, yet none has been entirely suc- 
cessful. Perhaps the most pertinent factor that has made the proof 
of the issue so difficult is the fact that no method has been unassail- 
ably successful in marking the progenitor of the alveolar phagocyte 
in such a fashion that its progress from the source of supply to its 
position as a free cell in the alveolar spaces could definitely be fol- 
lowed. In passing from the circulation to the alveolar space a mono- 
cyte may become marginated, migrate through the capillary wall, 
travel through the interalveolar stroma and pass between the alve- 
olar lining cells to gain the air sac. In fixed tissues the cell is found 
at that point in its journey where it was at the moment that fixation 
occurred. Such a cell might, because of its location, be mistaken for 
a capillary endothelial cell, a resting histiocyte of the stroma, a 
septal cell or an alveolar epithelial cell. We have, by the method to 
be described subsequently, eliminated this obstacle by obtaining 
marked viable monocytes from one animal, injecting them into the 
circulation of a second animal and observing the behavior and dis- 
tribution of the transferred cells in the new host. 

It is not necessary again to analyze the literature that has accu- 
mulated on the subject since this has been accomplished recently by 
both Foot ^ and Fried.^ We must, however, present briefl}'^ the prin- 
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cipal views of various investigators in order to provide a basis for 
the analysis of our own experiment. They have been summarized 
recently by Haythorn ® in a paper on multinucleated giant cells and 
from that work we again quote the conclusions of leading investi- 
gators as they pertain to the issues of this problem. 

The alveolar epithelium has been accepted as the origin of alve- 
olar phagocytes by many, among whom are SeweU,^ Gross, ^ and 
perhaps most recently, CappeU.® They have reported that cells 
lining the alveolar spaces are able to phagocytose various suspensoid 
dyes injected intratracheally and have shown how these cells, having 
ingested various dyes, may swell, desquamate and subsequently 
appear as free phagocytes in the alveolar spaces. It is an indispu- 
table point that, following the intratracheal injection of irritant dyes, 
one may see in the alveolar spaces many phagocytic mononuclear 
ceUs that have ingested the injected pigment. The cells may be 
either free in the alveolar spaces or applied to the alveolar walls. 
However, the evidence that these phagocytes are epithelial cells is 
not convincing. We have duplicated such pictures in which the role 
of the epithelium was positively excluded. In our studies we have 
often seen phagocytic mononuclears that had escaped from the blood 
stream so closely applied to the alveolar walls that they could not be 
distinguished from alveolar epithelium. 

Gardner and Smith ^ have studied parajS&n sections of lungs vitally 
stained with neutral red and concluded that the phagocytes came 
not from endothelial or epithelial cells, but from interstitial septal 
cells of the alveolar walls, and that they should therefore be consid- 
-ered as connective tissue phagocytes. They washed free of blood the 
lungs which they used and concluded that they had eliminated the 
circulating monocytes as a source of supply. Yet it has not been 
proved that the cells which they saw in the interstitium had not 
been originally derived from the circulating mononuclears. Whence 
the resting histiocyte is derived is stiU in dispute and since Foot^ has 
demonstrated that these histiocytes, together with circulating mono- 
cytes and alveolar phagocytes, have a mutual and specific affinity for 
certain silver dyes, we believe that one may merely represent the 
transitional form of another. Hence the phagocytes that appeared in 
their sections may have been ultimately derived from the circulating 
monocytes. In further support of this contention is the work of Cap- 
pell® who demonstrated that marked free mononuclears in sterile 
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peritoneal exudates became resting histiocytes when the irritation 
had been permitted to subside. Fried ^ recently also has advanced the 
belief that the pulmonary macrophage or histiocyte is the progenitor 
of the alveolar phagocyte. He injected various irritants intratrache- 
ally and observed an abundance of cells that had phagocytosed the 
injected material free in the alveolar spaces. His conclusions were 
that the observed phagocytes were derived from a macrophage sys- 
tem resident in the pulmonary parenchyma itself. He, however, 
accepts a mesodermal origin for the alveolar lining cells and thereby 
automatically eliminates alveolar epithelium as a source of supply. 
Even if this unproved point were definitely established he does not 
offer proof to exclude any of the leukocytes of the circulating blood 
as an equally potent source of supply. 

Whether or not one accepts the capillary endothelium as a possible 
source of the alveolar phagocyte is dependent on whether or not one 
believes that capillary endothelium supplies the wandering mono- 
nuclear phagocytes. Mallory ® was the first to propose this view and 
he has had many followers, among whom are Foot,^°’^^’^^ Permar,^®’^'* 
Medlar, Mcjunkin,^^’^® Haythorn,® and others. Although we 
believe that there is strong evidence in favor of this theory we have 
not attempted to add any positive evidence to it in this work. We 
have noted many times that pigment-laden mononuclears which 
were injected into the circulation have appeared in the pulmonary 
capillaries in such positions as to render them indistinguishable from 
the capillary endothelium, but when simple unphagocytosed suspen- 
soids were introduced into the circulation we have never observed 
capillary endothelium, in situ, to take it up. Cappell ® and others 
have long preceded us in this observation. However, that sort of 
evidence does not exclude the possibility that these same endothelial 
cells, when released from the capillary wall, may become active 
phagocytes. 

To our knowledge evidence in support of the belief that circulating 
monocytes may become alveolar phagocytes is rather sparse. Lewis^^® 
has observed carbon-laden monocytes leaving the pulmonary capil- 
laries to enter the alveoli of the lungs of living frogs. Foot,^ employ- 
ing his method of silver impregnation, has recently concluded that 
alveolar phagocytes have their origin in the circulating monocytes. 
We believed that if we could obtain marked viable monocytes and 
inject them into the circulation of a homologous animal we should 
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be able either to establish or eliminate them as the parent cells of 
alveolar phagocytes. This we have attempted to accomplish by the 
method about to be described. Similar methods have been employed 
by Seemann and Theodorowitsch, 2 ° and Borghi^^ in their studies 
on the effect of the injection of homologous leukocytes in animals. 
Our procedure may be outlined briefly in the following steps: 

1. A suspension of leukocytes was obtained by the production of 
a chemical peritonitis. 

2. The cells were marked by a method of phagocytosis of sus- 
pensoid dyes in vivo. The suspension of marked cells was then re- 
moved, cleared of free pigment, washed and standardized. 

3. The viability of the cells thus obtained was established by 
phagocytic tests in vitro utilizing a contrasting pigment. 

4. The standardized marked viable suspension was injected into 
homologous animals at various points of their circulation. 

5. The recipient animals were killed at various time intervals and 
the distribution of the marked cells was noted. 

Method 

An elaboration of the technic outlined above is as follows: 

1. Production of the Exudate: Adult guinea pigs were used as 
donor animals. They yielded an exudate rich in mononuclears by 
the use of a single intraperitoneal injection of 5 per cent aleuronat 
and 3 per cent starch in plain broth. 

2. Marking and Standardizing the Cells: At the end of 12 hours 
suspensoid material for phagocytosis was injected into the peri- 
toneal cavities of the animals in which the leukocytic response had 
been induced for the purpose of marking the leukocytes by phago- 
cytosis in vivo. The material consisted of: (a) 5 cc. of 30 per cent 
India ink or 5 cc. of 5 per cent lithium carmine; (f) 5 cc. of 1.5 per 
cent sodium citrate solution; and (c) 5 cc. of 50 per cent fresh guinea 
pig serum. Carbon in the form of India ink was used in the majority 
of cases because of its inert nature. We felt that carmine was a less 
acceptable substance because of its complex protein nature which we 
felt might be harmful to the cells that ingested it. Further, the 
phagocytic response of cells to carbon was greater than to carmine, 
probably because the carbon was present in more finely divided 
particles. The sodium citrate was merely used as an anticoagulant. 
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The fresh guinea pig serum was used because we found that its com- 
plemental action definitely enhanced phagocytosis, as can readily be 
seen by the data in Tables I and II. Experiments were carried out at 
the suggestion of Dr. G. H. Robinson, who had previously estab- 
lished this point in a series of experiments that involved phagocytic 

Table I 


Ejfect of Complement on Phagocytosis in Vivo * 


Amount of complement injected 
so % guinea pig serum t 

Carbon-containing cells 

Estimate of quantity of 
pigment per cell 

cc. 

per cent 


none 

20.5 

+ 

2 

28.2 

+ 

, 4 

40.0 

-I- + 

8 

43-4 


4 

(inactivated) 

26.6 

+ 

8 

(inactivated) 

28.4 

+ 


• Number of cells counted in each instance 200. 
t Diluted svith normal saline 


Table II 


Effect of Complement on Phagocytosis in Vitro 


Formula 

Phagocytosis 
observed in 

Carmine-con- 
taining cells 
after 30 min. 

Amount pig- 
ment per cell 

equal parts 

viin. 

per cent 


Cell suspension, 2 % carmine, normal saline . . . 

15 

48 

Cell suspension, 2 % carmine, 50 % complement 

5 

73 


Cell suspension, 2 % carmine, 50 % inactivated 
serum 

12 

56 

-i-+ 


tests. Our experiments were carried out utilising both in vitro and 
in vivo measures. In both series we observed, as did he, that the addi- 
tion of fresh complement enhanced phagocytosis with relation to 
three important points: (i) the increase in the number of pigment- 
containing cells; (2) the increase in the number of pigment particles 
per cell; and (3) the rapidity with which phagocytosis occurred. 
Fenn^® has demonstrated that complement' increases the phago- 
cytic power of cells for inorganic substances. He explained this 
phenomenon on the basis of change in surface tension. We, how- 
ever, believe that it is due to a stimulating action of complement on 
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the cells because, as is shown by the tables, when the complement is 
destroyed the addition of serum increases phagocytosis but slightly. 
Phagocytosis was permitted to progress in the peritoneal cavities of 
the donor animals for 12 hours. At the end of this time they were 
killed and the cellular exudate was removed by sterile pipettes after 
the abdominal cavities had been opened. Having obtained a suspen- 
sion of marked cells we were still beset by the problem of clearing it 
of free pigment particles, inasmuch as it was essential not to inject 
any free pigment into the recipient animals. Curiously enough, it 
was found that simple passage through a paper filter 3delded a fil- 
trate which contained no free dye particles. The filtration was car- 
ried out in a dark incubator at 37° C. Fenn ^ has shown that this is 
the optimum temperature for maintaining the viability of cells and 
Earle has demonstrated the destructive action of light on such 
suspensions. Why dye particles, infinitely smaller than cells, were 
retained on the filter, whereas the cells passed into the filtrate, can 
probably be explained by the theory of electrical charge in filtration, 
as advanced by Mudd and others. As applied to our observations, 
the dye particles possessed a charge opposite to that of the filter and 
therefore adhered to it, whereas the cells possessed a like charge and 
passed through the pores without difficulty. 

In order to make injection of the suspension practical it had to be 
concentrated to small bulk. Centrifugation did not damage the cells 
appreciably when carried out at low speed with the balancing cups 
containing water warmed to 40° C. The supernatant fluid was 
poured off and the cells were suspended in 50 per cent guinea pig 
serum. Standardization consisted of counting the cells of such a 
concentrate and diluting it so that each cubic millimeter contained 
approximately 50,000 cells. By making differential smears it was 
found that more than 80 per cent of the pigment-bearing cells were 
phagocytic mononuclears. 

3. Method of Establishing Cell Viability: This was accomplished 
by observing whether the pigment-bearing cells would phagocytose 
a contrasting pigment or not. The tests were carried out in vitro m 
an attempt to establish a state as closely simulating body conditions 
as possible. Therefore, hanging drop preparations suspended in 
guinea pig serum were observed on a warm stage. Agitation of such 
a preparation, it was found, increased the rapidity of phagocytosis. 
We felt, therefore, that the factor of speed of circulation could be 
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neglected. Hanging drop preparations were made using, for ex- 
ample, a loopful of carbon-containing cells, a loopful of 2 per cent 
carmine, the contrasting pigment suspension, and two loopfuls of 
guinea pig serum. Observations were directed toward four major 
points: (i) the percentage of aU cells which phagocytosed carmine 
particles; (2) the ability of the carbon-containing cells to take up 
the contrasting pigment; (3) the length of time which elapsed before 
general phagocytosis began; and (4) the degree of phagocytosis at 
the end of 30 minutes. Analysis of a series of such preparations 
yielded the following averages. Phagocytosis was observed within 
5 minutes and 73 per cent of all cells were seen to contain carmine 
particles at the end of 30 minutes. The majority of cells ingested so 
much carmine that their structure was obscured. Those mono- 
nuclear cells that were carbon-containing were equally as active as 
those that were free of carbon in respect to their avidity for carmine. 
This established the fact that over 50 per cent of the marked cells to 
be injected were viable. It is reasonable to assume that this per- 
centage would be considerably higher under absolute body con- 
ditions. 

4. Method of Injection: To rule out anthracosis several series of 
recipient animals used consisted of young guinea pigs raised outside 
of the city. Control sections of the lungs of similarly reared animals 
of the same age showed only widely separated particles of carbon. 
In one series the cell suspension was introduced into the jugular vein, 
in another directly into the heart, and in a third series into the portal 
vein. A control group received a pure suspension of India ink in 
normal saline solution. In regard to this group we found, as have 
many others, that suspensoid dyes such as India ink when injected 
intravenously possess no powers of diffusion. They are stored within 
the cells of the so-called reticulo-endothelial system and are never 
found in the lining cells of the alveoli or in the alveolar spaces in any 
appreciable amount. 

5. Preparation of the Histological Specimens: The animals were 
killed with chloroform at intervals varying from 3 hours to 7 days. 
Sections were fixed in formalin and Zenker’s fluid. The stains em- 
ployed were eosin-methylene blue, Wright’s, and simple hematoxy- 
lin. Unstained sections were also prepared. The simple hematoxylin 
method gave a ver}'' delicate stain in which carbon-containing cells 
contrasted sharply with cells free of the pigment. 
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Results 

The microscopic picture of all animals was almost identical re- 
gardless of the time permitted to elapse before they were killed or the 
site at which the suspension was injected. 

The dye-containing cells were found almost entirely in the lung 
tissue. Some were seen within the pulmonary capillaries, some ap- 
peared in the lung stroma, but the vast majority were found to be 
either free in the alveolar spaces or applied to the alveolar walls, 
apparently lining the alveolar walls and thereby presenting the 
morphological picture of alveolar epithelium. In several instances 
pigment-bearing mononuclears were seen escaping from pulmonary 
capillaries, the bulk of their cytoplasm being adherent to the alve- 
olar walls in the position of epithelium and the remainder of the cell 
still within the capillary. Had we not known their origin we would 
have interpreted many of these cells as swollen epithelial cells which 
had ingested dye granules. Still others, situated in the connective 
tissue, would probably have been considered to be histiocytes of the 
stroma. 

The hver, spleen and bone marrow contained occasional dye parti- 
cles. We are aware of the fact that some pigment-bearing cells were 
no longer viable when introduced into the circulation. Naturally 
they were disrupted with consequent liberation of their pigment. 
This free pigment was then taken up by the phagocytic system of 
the liver, spleen and bone marrow. 

Discussion 

We found that viable phagocytic mononuclears marked by the in- 
gestion of pigment, when injected into the circulation of a guinea 
pig, were concentrated in the lungs. There they were identified as 
alveolar phagocytes, although those in the intermediary locations 
between capillary and alveolar space may well have been identified 
as capillary endothelium, macrophages or septal cells, had we not 
known them to be carbon-laden mononuclears which we injected 
into the circulation. The suspected progenitor, namely the phago- 
cytic mononuclear, was found to appear as the alveolar phagocyte. 

It is impossible to state, at present, the reason for the concentra- 
tion of these cells in the lung. We can say, however, that it was not 
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due to simple capillary filtration for those cells injected into the 
portal vein were not filtered out in the liver but appeared in the 
lungs. Furthermore, marked cells were identified in differential 
smears from the circulating blood as much as 2 hours after their in- 
jection. 

It occurred to us that perhaps the cells which we injected were 
destroyed in the blood stream of the recipient animals; that the 
liberated pigment was then phagocytosed by certain cells residing in 
the pulmonary parench3ana of the recipient. But this is impossible 
because suspensoids have no power of diffusion. When a solution of 
India ink was injected we were unable to discover any of it in the 
alveolar spaces or in cells lining their walls. 

We have not attempted to establish monocytes as the sole origin 
of alveolar phagocytes under all conditions. Cunningham, Sabin 
and Doan,^® and others grant monocytes a histiocytic origin. If this 
relationship is definitely established the problem of the alveolar 
phagocytes will be solved indisputably. 

Summary and Conclusions 

1. A technic for preparing a marked cell suspension in one animal 
and transferring it to other animals is described. 

2. The complemental power of serum enhances the phagocytic 
properties of homologous leukocytes in vivo and in vitro by increasing 
the number of pigment-containing cells, the number of particles per 
cell and the rapidity of the process. 

3. Viable phagocytic mononuclears marked by the ingestion of 
pigment are concentrated in the lungs regardless of the site of in- 
jection of the ceU suspension. 

4. Alveolar phagocytes are derived, largely if not entirely, from 
monocytes of the circulating blood. 
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Plate 94 

'Fig. I. A control lung section from a young guinea pig of the type used in this 
series of experiments. It demonstrates the scarcity of anthracotic pigment 
phagocytes which are found naturally in the lungs of guinea pigs kept for 
considerable periods of time in the laboratory pens, x 130. 

Fig. 2. A high power lung section of a guinea pig that had received 10 cc. of 
the standard ceU suspension into the jugular vein and was killed 2 days 
after the injection. Note the numerous carbon-containing mononuclears 
free in the alveolar spaces, x 700. 
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Plate 95 

Fig. 3. A low power pliotomicrograph of the lung of a guinea pig that had re- 
ceived an iritraportal injection of marked cell suspension 5 days before it 
was killed. It shows not only the many carbon-containing cells which con- 
centrated in the lung, but also demonstrates the fact that the injected 
cells were not filtered out in the liver, x 200. 

Fig. 4. A high power photomicrograph of the lung of a guinea pig into which 
a suspension of carmine-containing cells had been injected intracardially 
2 days before it was killed. Several injected cells are shown which are so 
closely applied to the alveolar wall that the}' simulate alveolar epithelium. 
The pigment as seen in the section was red in color, x 400. 
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Plate 96 

Fig. 5. The liver of a guinea pig that received dilute India ink intraportally 
and was killed 3 days later. It demonstrates that when suspensoids, not 
contained within cells, are injected into the portal vein large quantities of 
it are retained within the sinusoids, either as embolic masses or within the 
Kupffer cells, x 200. 

Fig. 6. The lung of a guinea pig that received a large amount of India ink sus- 
pension intracardially and survived for approximately 24 hours. It dem- 
onstrates that even when massive amounts of suspensoid dye are injected 
at the most favorable locations, no diffusion into the alveolar spaces occurs. 
X 400 - 

Fig. 7. The liver of a guinea pig that had received the cell suspension intra- 
portally 3 days before it was killed. Note that only two small particles of 
carbon are seen in the entire field, demonstrating the fact that the pigment- 
bearing cells pass through the capillary beds of the liver to gain the lung 
with very slight destruction, x 200. 

Fig. 8. A high power photomicrograph of the lung of a guinea pig that received 
a suspension of pigment-bearing cells into the jugular vein 24 hours before 
it was killed. Large, swollen, carbon-containing ceUs mQ,y be seen lining 
the alveoli in several locations, but of special interest is the cell in the upper 
alveolus which is in the process of escaping from the capillary to gain the 
alveolar space. A large portion of this cell is alread}" applied to the alveolar 
wall but a portion of it may still be seen within the capillary lumen. X ^oo. 
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CHRONIC PULMONARY ARTERITIS IN SCHISTOSOMIASIS 
MANSONI ASSOCIATED WITH RIGHT VENTRICULAR 

HYPERTROPHY * 

EEPOET OE A CASE 

Eugene Clark, M.D., and Irving Graee, M.D. 

(From the Deparlvient of Pathology, Bellevue Hospital, and the Department of 
Pathology of New York University College of Medicine, New York, N. Y.) 


Schistosomiasis is a rare disease in North America. Cutler/ re- 
viewing the literature in 1926, was able to collect 22 cases. No addi- 
tional cases have been reported in North America since that review. 
The cases appearing in the United States have been acquired in 
Africa or the West Indies. In the latter country only schistosomiasis 
mansoni is endemic. 

The life history of the parasites has been studied and reported by 
various investigators. Most recently Faust, Jones and Hoffman ^ 
have studied the life cycle and the course of infestation of Schisto- 
soma mansoni by the use of experimental mammals, rats, rabbits and 
monkeys. They find that the lateral-spined eggs, obtained from the 
stool of patients with the disease, contain ciliated larvae fmiracidia). 
The infective organisms, the cercariae, appear 24 to 35 days later by 
rupture of the sporocyst. The cercariae, making their way into the 
animal through the skin, are carried by the blood to the lungs. 
Thence they migrate passively via the pulmonary venules to the 
left side of the heart, aorta and mesenteric artery and tend to accu- 
mulate in the portal system. From the organs fed by the aorta, they 
pass again through the lungs and eventually accumulate in the liver. 
According to Manson,^ about 6 weeks after penetration of the host 
the trematodes reach maturity, at which time the females lay their 
eggs in the portal system. 

Dew ^ has studied the lesions produced by the parasite and its ova. 
The adult female makes its way in the vein against the current. On 
reaching a point in the vein impeding further progress, the ova are 
deposited; the spine engages in the wall of the vein, following which 
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the ovum is forced through into the perivascular tissues. The ovum 
is first surrounded by leukocytes, among which the eosinophile is 
conspicuous. Surrounding the leukocytes there is a reaction of the 
fixed tissue cells and large and small round mononuclear cells are 
scattered peripherally. The ovum may be engulfed by phagocytic 
cells or giant cells may be formed around it. The aggregation of 
eosinophihc cells, lymphocytes and tissue cells around central giant 
cells constitutes the bilharzial “tubercle.” The phagocytosis of the 
ovum may go on until it is replaced by fibrous tissue, and finally a 
fibrous nodule results with fragments of the chitinous eggshell re- 
maining to show its true nature. 

In S. mansoni infections the severest lesions are found under the 
mucosa of the colon, rectum, and in the liver. Dew ^ states that in 
pure S. mansoni infections there is an almost complete absence of 
lung changes, contrasting with the findings in infection with S. 
hematobium. In the latter, pigmentation and patchy fibrosis may be 
found. However, Hutchison ® in his discussion of the pathology of 
schistosoma infections states that “ ova have been discovered in the 
lungs, brain and kidneys.” He used material brought from Egypt. 
Day ® mentions that bilharzial lesions may be found in the lungs of 
patients who have died with “bilharzial cirrhosis” caused by the 
Schistosoma mansoni. 

Vascular lesions in schistosomiasis were first described in 1905 by 
LetuUe ^ who called attention to lesions of the veins of the intestine 
in schistosomiasis hematobia. He investigated i case of this disease 
with great thoroughness and described fibrous intimal thickening in 
the veins of the mucosa, submucosa and muscularis. The thickening 
was eccentric or concentric and led to considerable diminution in the 
lumen of the vessel. Nakamura ® described lesions in the veins in 
Schistosomiasis japonica. These were of various types. There were 
embolic lesions consisting of ova lodged in the finest portal branches, 
around which pseudotubercles with foreign body giant cells de- 
veloped. He also saw thickening of the walls of the larger portal 
twigs and thrombus formation. Both he and Benda,® who studied 
S. japonica, found focal intimal thickening in the branches of the 
portal vein, which consisted of granulomas comprised chiefly of 
fibroblasts with few lymphocytes and large giant cells of the 
Langhans’s type enclosing ova or their shells. Benda stated he 
could find no assertions in the literature concerning vascular lesions 
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caused by S. mansoni. Hutchison ® asserts that thrombosis of the 
veins is common, and refers to thrombosis of the femoral, abdominal 
vena cava and the portal vessels, but does not mention the type of 
schistosomiasis in which this was observed. 

There are two reports of arterial lesions associated with infestation 
by the trematode. Sorour,^° from a study of material in Cairo, re- 
ported lesions which he considered “exactly similar to the well- 
known vascular lesions found in syphilitic and arteriosclerotic cases 
with no bilharzial element.” He described lesions in which the 
presence of the ovum within the lumen excited marked proliferation 
of the endothelium enclosing the ovum and obliterating the lumen. 
He noted proliferation of the subendothelial tissue in branches of the 
pulmonary artery. Bilharzial tubercles were noted within the mus- 
cular coat of vessels which revealed an aneurysmal-like vascular 
projection. He does not state the size or the location of the vessels 
affected. The type of schistosoma parasite associated with these 
lesions is not recorded. No illustrations are given. 

Bey described 2 cases of dilatation of the pulmonary artery asso- 
ciated with “fibrosis of the lungs and splenomegalic cirrhosis of the 
liver” in Egyptian peasants heavily infected with bilharzia, both 
urinary and intestinal. An autopsy performed in i case following 
sudden death revealed the presence of bilharzial lesions in the liver, 
intestines, bladder and lungs. The lungs are described as “fibrotic, 
tough and emphysematous.” Microscopically there were “ advanced 
peribronchial and perivascular bilharziomata.” “The bilharzia ova 
were deposited in the adventitia of the blood vessels, and in these 
last, a generalized endarteritis obliterans was quite manifest.” The 
lesions are not illustrated. The pulmonary artery in gross revealed 
diffuse dilatation and was studded with raised rubbery patches, 
which microscopically proved to be early atheromatous lesions. 
In the description of the heart extreme dilatation of the right side 
was noted and an “embolus” was found filling one of the main 
branches of the pulmonary artery; the source of the embolus is not 
mentioned. 

Because of the inadequacy of reports in the literature dealing with 
vascular involvement in schistosomiasis mansoni, and because a 
cardiac complication has not hitherto been described, it seemed 
worth while to record the following case. 
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Report of Case 

Clinical History: T. C., a 21 year old Porto Rican female, was admitted to 
the wards of the Third (New York University) Medical Division of Bellevue 
Hospital, July 31, 1934, with the chief complaint of shortness of breath and 
swelling of the legs. 

The family history was irrelevant. The patient was born in Porto Rico, 
where she had lived until the age of 9. For the next 12 years she resided in New 
York. Since the age of 14 she had had palpitation and shortness of breath on 
exertion, and during that year she was told by her school physician that she had 
heart disease. In 1931 precordial pain first appeared. In November, 1931, she 
entered the Metropolitan Hospital complaining of pain in the right lower ab- 
dominal quadrant. The records of that hospital reveal no significant physical 
findings except for the heart which was described as follows: “The apical im- 
pulse was forceful; the point of maximal intensity in the fifth interspace within 
the midclavicular line. There was an apical systolic thrill and a long musical 
systolic murmur heard all over the precordium and back; the rhythm was 
regular.” The patient was discharged improved, soon after admission, with the 
clinical diagnosis of acute salpingitis. 

In February, 1932, the patient was readmitted to the Metropolitan Hospital 
for vaginal discharge and pain in the right upper abdominal quadrant of 2 
weeks duration. The findings on this admission were similar to those of the 
previous admission. 

She did not come under medical observation again until her present illness, 
which began i month previous to admission to the Bellevue Hospital. She ex- 
perienced marked increase in shortness of breath and observed swelling of the 
legs. Following this, swelling of the abdomen was noted, and dyspnea became 
so marked that she found it necessary to sleep in the semirecumbent position. 
For 3 days prior to admission she experienced pains in the precordium and m 
the right chest. 

Physical examination revealed an acutely and chronically iU young negress 
who exhibited marked dyspnea and orthopnea. Because of her race cyanosis 
was not evaluated. The pupils were equal, regular and reacted to light. Ex- 
amination of the ears, nose and throat was negative. The veins of the neck were 
dilated in the recumbent, semirecumbent and upright positions, pulsated and 
filled from below. There were dullness, diminished breath sounds and an oc- 
casional rale at the right base. The point of maximal intensity of the apical 
impulse was in the fifth interspace outside the midclavicular line. Systolic and 
diastolic murmurs were present at the apex; P2 greater than Aj; rhythm was 
regular, gallop audible and the rate was 120. The blood pressure was 100/68. 
The abdomen was distended with fluid; the fiver and spleen were not palpated. 
There was marked pitting edema of the lower extremities extending to the 
sacrum. The rectal temperature was 101° F. 

Laboratory Examination: Red blood cells 3,700,000 per cmm. Hemoglobin 
60 per cent. White blood cells 8600 with 76 per cent polymorphonuclear 
leukocytes, 4 per cent metamyelocytes H, and 20 per cent lymphocytes. Urine 
was negative but for the presence of a trace of albumin. Blood culture was sterile. 
Blood chemistry revealed the following values: non-protein nitrogen 47, uric 
acid 7.5 mg. per 100 cc. 
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The patient was rapidly digitalized but grew increasingly dyspneic and died 
20 hours after admission. 

Clinical Diagnoses: * Cardiac: (a) unknown (rheumatic type, inactive and 
active); ( 5 ) enlarged heart, mitral insufificiency and mitral stenosis; (c) sinus 
tachycardia; (d) class m (failure at rest). 

Significant Autopsy Findings 

Bellevue Hospital autopsy No. 20856, performed on Aug. i, 1934; 
4 hours after death, revealed the body to be that of a young negress 
about 155 cm. in length and weighing about 120 pounds. There 
were numerous pinhead macular-papular lesions, dark red in color, 
over the anterior thoracic region. There was marked edema of the 
legs, thighs, anterior abdominal wall and sacrum. The nailbeds 
were dusky blue, and there was no clubbing. There were wedge- 
shaped hemorrhages in the sclera of both eyes on either side of the 
pupil. 

On section the subcutaneous fat was moderate in amount, the 
muscle tissues well developed and deep red in color. There were 
about 2000 cc. of clear amber fluid in the peritoneal cavity. The 
peritoneum was smooth and glistening but the subserosal tissues 
were markedly edematous. 

On opening the chest the precordium was seen to be markedly en- 
larged, chiefly to the right, compressing and displacing the right 
lung. Both pleural cavities were dry and there were no adhesions 
between the lungs and the chest wall. 

Heart: On opening the pericardial sac about 300 cc. of a clear, 
straw-colored fluid were encountered. There were no adhesions be- 
tween the visceral and parietal layers of the pericardium. The an- 
terior aspect of the heart was occupied chiefly by the right ventricle. 
The right auricle was found to be dilated. The orifice and the leaflets 
of the tricuspid valve were normal. The right ventricle was found 
to be dilated and its walls hypertrophied. The maximum thickness 
of the wall of the right ventricle was 8 mm. (Fig. i). The pulmonary 
artery was dilated, measuring 7 cm., while the aortic ring measured 
only 5 cm. The pulmonic cusps were thin, transparent and freely 
movable. A few circumscribed, irregular, raised yellowish plaques 
were visible in the various sized branches of the pulmonary artery. 
The left side of the heart appeared dwarfed by comparison with the 

* Diagnosis conforms to nomenclatmre of American Heart Association. 
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right. The maximum width of the wall of the left ventricle was 
10 mm. The mitral and aortic valves were normal. The aorta and 
coronary vessels presented no notable characteristics. The heart 
weighed 360 gm. 

Lungs: Both lower lobes were distinctly heavier than the upper 
and middle lobes and of a deep red color, contrasting with the pinkish 
gray color of the latter. On section a red frothy fluid exuded from 
the lower lobes whereas the upper lobes were but slightly moist. The 
small arteries appeared to project from the surface and felt thick- 
ened. The trachea and bronchi contained a slight amount of mucoid 
material. 

Liver: The liver appeared small, weighing 960 gm. Its 'surface 
was nodular, the nodules var3dng in diameter from 2 to 10 mm. The 
color was a yellowish brown with irregular patches of purple. The 
organ was of increased flrmness and cut with increased resistance. 
The essential pattern of the cut surface was that of a mosaic, the 
units of which were round or oval in outline and varied from i to 
2 cm. in diameter (Fig. 2). The periphery of these units was formed 
by an irregular dark red border i to 3 mm. in width. In the center 
was a vessel cut in cross-section, 2 to 3 mm. in diameter and sur- 
rounded by a small amount of connective tissue. The intervening 
tissue revealed no distinctive features. The portal vein was empty 
and its walls appeared normal. No adult worms were found.* 

The gall-bladder and biliary passages were normal. 

Splee 7 i: The organ was about thrice its normal size, purplish red 
in color with a thin smooth capsule. On section it presented a 
smooth surface, dark homogeneously red and firm. The follicular 
markings were not visible. The splenic vein was normal. 

Gastro-Intesimal Tract: In the lower third of the esophagus several 
dilated veins were readily made out and two bleeding points about 
4 cm. above the cardia were seen. The stomach was moderately 
dilated and contained about a half liter of coffee-ground material 
and several small blood clots. Thin, blackish brown material was 
also seen in the small intestine. The mucosa and intestinal wall, in- 
cluding that of the rectum, appeared normal. The hemorrhoidal 
veins were not opened.* 

The pancreas, adrenals, kidneys, ureters and bladder were normal. 

* On gross examination the diagnosis of schistosomiasis was not suspected. 
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Genitalia: There were two hemorrhagic cysts on the surface of 
both ovaries, each about the size of a pea. The tubes and uterus 
were normal. 

Head: Not done. 


Microscopic Examination 

Sections were fixed in formalin, stained with hematoxylin and 
eosin, Weigert’s elastic tissue method, Van Gieson, and occasional 
sections were stained with the- silver impregnation method of Foot 
and Foot. 

The diagnosis of schistosomiasis was established by the presence 
of ova of this trematode in many organs. They were found in large 
numbers in fixed tissue sections in the lungs, myocardium, liver, 
pancreas and kidney. The most typical ovum seen in fixed tissue 
sections appears as an oval eosinophilic mass 35 to 70 ii, containing 
irregularly scattered, coarse, basophilic chromatinic material, and 
separated by a clear space from the chitinous shell. The latter is 
irregularly wavy, continuous or interrupted, single or appearing re- 
duplicated, and has a clear, retractile, straw-colored appearance 
(Fig. 3). Occasionally a laterally placed spine is seen. The lesions 
provoked by the presence of these ova are to be described in the indi- 
vidual organs in which they occurred. 

Liver: In sections the structural unit appears to be that consisting 
of a centrally placed, massively thickened portal radicle surrounded 
by hver lobules and outlined peripherally by an area of hemorrhage 
and necrosis of the liver trabeculae. The central area consists of 
rather dense collagen which displays radiating prolongations into the 
surrounding tissue. The periportal tissue is markedly increased in 
amount. There are several thin-walled veins and small arteries cut 
in cross-section, the walls of the latter being somewhat thickened. 
Medium size bile ducts are included. The connective tissue reveals 
foci of cells. Many such foci consist of a central core of an ovum 
surrounded by lymphocytes, eosinophilic leukocytes and plasma 
cells. Other foci show dense accumulation of lymphocytes with 
few eosinophiles and plasma cells and no ova. The inflammatory 
reaction is limited, chiefly, to the areas surrounding the ova, there 
is no reaction in the tissue surrounding the vessels or ducts. Ova 
are nmnerous, i to 2 are present in each medium power field. 
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The surrounding parenchyma has retained its identifying archi- 
tecture, with liver trabeculae and portal radicles, and occasional 
central veins. The trabeculae are for the most part well preserved 
in outline, but the cells stain faintly with eosin. Scattered irregu- 
larly are large areas of very poorly staining cords showing granular 
disintegration of the cytoplasm with disappearance of the nuclei and 
at times complete disintegration of the cords. The Kupffer cells 
contain brown pigment which does not give the iron reaction. The 
portal radicles encountered in these areas reveal no notable change 
other than the presence of a degenerated ovum and inflammatory 
cells. The more peripheral hemorrhagic zone consists of broad, ir- 
regular areas of intense hemorrhage with obliteration of any recog- 
nizable liver trabeculae. Between these areas of hemorrhage are 
those in which hemorrhage is absent, liver trabeculae have disap- 
peared and there remains but the reticular framework of the organ 
with many proHferating bile ducts. 

Spleen: There is marked diffuse congestion of the pulp and a fine 
increase in the connective tissue framework. There are numerous 
polymorphonuclear leukocytes and a few eosinophiles visible in the 
pulp. No ova are seen. 

Pancreas: Foci of ova surrounded by inflammatory cells similar 
to those in the liver are seen. In some areas the interlobular 
connective tissue is diffusely infiltrated by cells among which the 
eosinophilic leukocyte predominates. The ova are found intra- 
lobularly as well as in the interlobular tissue. There are no areas of 
necrosis, no increase in the stroma of the gland, and the vessels 
appear normal. 

Kidney: Many ova are seen in the cortex, some of which are recog- 
nizable only by the chitinous shell. They are surrounded by numer- 
ous lymphocytes and eosinophilic polymorphonuclear cells. They 
occupy an interstitial position without any particular relation to the 
blood vessels; the latter appear normal. The glomeruli and tubules 
are normal. 

Myocardium {Right Ventricle): There is evidence of h)^ertrophy 
of the muscle nuclei and fibers and focal interstitial fibrosis. An 
occasional ovum surrounded by a few inflammatory cells is seen. 
The left ventricle reveals the presence of a few ova and inflammatory 
cells. The blood vessels appear normal. 

Aorta: The vessel appears normal. 
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Pulmonary Artery: The intima is slightly thickened and presents 
atheromatous plaques. 

Lung: The pulmonary parenchyma appears for the most part 
normal. There are irregular areas of marked congestion, some of 
focal alveolar hemorrhage and patchy collapse. The striking finding 
is that of granulomatous lesions within or related to the blood ves- 
sels. Some of these granulomas appear clearly to be in the peri- 
adventitial connective tissue and the vessel may appear normal. The 
granuloma consists of one or more ova, which may contain a foreign 
body giant cell. These ova are surrounded by young fibrillar tissue 
fargentophile fibers) in which are spindle and oval fibroblasts, 
lymphocytes and eosinophiles, and numerous, small endothelial-hned 
channels. But more frequent than these extravascular lesions are 
those that appear more intimately related to the blood vessels. 
Figure 46 illustrates one such lesion. It appears as a vascularized 
granuloma in the interstitial tissue related to a bronchus. In the 


hematoxylin and eosin sections it is chiefly its relation to a bronchus 
which suggests that it is an artery. Examination of the Weigert 
elastic sections strengthens this impression, for a wavy elastic mem- 


brane outlines the structure peripherally. Indeed, it is possible to see 
fragments of internal and external elastica with intervening muscle 
in the periphery of this granuloma. But in order to ascertain with 
greater certainty the relation of such structures to the pulmonary 
arteries, serial sections were studied. Figure 4a shows a small artery 
with thickened intima, measuring 200 ix in diameter, cut in somewhat 
longitudinal section. Figure 4&, which is 55 /x distal, reveals the same 
vessel, considerably dilated, the lumen obliterated and replaced by 
an ovum surrounded by young granulation tissue with numerous 
endothelial-lined channels. The media is represented by internal 
and external elastica with intervening muscle in about a fourth of its 
circumference; fragmented elastic fibers are seen peripherally for 
part of its circumference. A mantle of inflammatory cells surrounds 
the structure and infiltrates the waU of the adjacent bronchus. The 


cells are chiefly of the l3miphocytic type; few eosinophiles are seen. 
Figure 4c, non distal to the preceding section, is apparently distal to 
the granulomatous lesion; the lumen of the artery is patent, its wa 
intact; the diameter of the vessel is half that in the preceding section. 

Many small arteries are seen showing marked concentric mtima 
thickening with diminution of the lumen. The intimal thi ening 


702 


CLARK AND GEAEF 


consists of young connective tissue, avascular and containing but few 
fibroblasts. Medial hypertrophy appears to be present. Several 
such vessels were traced serially and their association with a schisto- 
somal lesion was demonstrated. Figure $a illustrates another lesion 
of this type in a small artery 250 ju in diameter. As this vessel is 
followed distally, a granuloma can be seen to form between the ex- 
ternal elastic membrane and the adventitia. The elastica, in further 
sections, becomes reduplicated, then disrupted and the vessel as- 
sumes an aneurysmal dilatation with the lumen almost completely 
occluded by proliferating tissue continuous with the intramural 
granuloma. Figures $h and 5c, 195 ja distal to the preceding section, 
illustrate these changes. Comparison of Figures 4a, 4& and 4c re- 
veals the striking dilatation of the vessel in its distal course. Three 
ova are to be found in the course of this vessel, two of which occupy 
an intramural position. 

Final Pathological Diagnoses: Lungs: Chronic pulmonary arteri- 
tis {Schistosoma mansoni), intimal hyperplasia and focal medial 
h3^ertrophy, congestion, focal alveolar hemorrhage, patchy col- 
lapse. Heart: hypertrophy and dilatation, chiefly right ventricular, 
miliary schistosomal granulomas, dilatation and atheroma of the 
pulmonary artery. Liver: chronic diffuse granulomatous hepatitis 
(S. mansoni), chronic passive congestion, focal hemorrhage, focal 
necrosis. Spleen: chronic passive congestion. Pancreas: miliary 
schistosomal granulomas. Kidneys: miliary schistosomal granu- 
lomas. 

Discussion 

• 

While there are many features for discussion in this case, including 
the widespread dissemination of the ova and the peculiar hepatic 
lesion, we shall confine ourselves to a consideration of the findings in 
the pulmonary vessels. The demonstration of ova in constant inti- 
mate relation to the vascular lesions in the lungs leaves no doubt as 
to the parasitic etiology. The presence of the ovum within the lumen 
or the wall of the vessel has been followed by complex changes lead- 
ing to the obliteration of the lumen by a richly vascularized tissue. 
The absence of early lesions in the puhnonar}’^ vessels does not permit 
reconstruction of these lesions from their inception. The rich vas- 
cularization of the tissue surroimding the ovum and occluding the 
lumen might suggest this lesion to be the result of thrombosis with 
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organization and canalization. But the severe medial changes cer- 
tainly must be attributed to an injury of a different nature. The 
absence of collagen and the presence of proliferating endothelium, 
forming new channels, suggest that these lesions are still young and 
blood pigment should be present nearby if thrombosis had occurred. 
Moreover, the same proliferation of endothelial-lined channels is 
seen in extravascular granulomas in the lung. It appears more likely 
that the intimal and endothelial proliferation represents a response 
to the presence of the foreign body. 

The medial injury might be effected from within by an expanding 
proliferative lesion, or from without by the presence of an inflam- 
matory and proliferative reaction provoked by the intramural ova. 
It appears likely that the intimal thickening and medial hypertrophy 
of the small arteries proximal to the granulomatous lesion represents 
a response to the obstruction. The atheroma of the pulmonary artery 
similarly is to be interpreted as a response to the increased intra- 
vascular tension which had its origin in the obstructive arterial 
lesion. 

Thus, the vascular lesions may be separated into two groups: 
those directly attributable to the ova, and those secondary to the 
increase in intra-arterial tension. The former may be considered a 
specific arteritis, characterized by an obliterating endarterial pro- 
liferation with marked injury to the media leading to dilatation of 
the vessel. The latter may be considered as representing a non- 
specific vascular change of an arteriosclerotic and atheromatous 


nature. 


The presence of hypertrophy of the right ventricle and evidence 
of congestive heart failure are obviously related to the lesions of the 
small pulmonary arteries. 

The case presented thus represents one in which the cardiac 
changes have occurred secondary to pulmonary arterial disease. In 
this respect it is to be compared with those cases of pulmonary 
heart disease associated with arterial and arteriolar lesions of the 
lungs and described under the terms of primary sclerosis of the p^ 
monary artery (Bacon and Apfelbach die primare Puhnonalslde- 

rose (Steinberg,i3 Hora^^), and Arteriopathia puhnonalis (Bredt 

There is little known concerning the etiology of these cases. rn 
llaga^® believed some cases to be due to syphilis. Steinberg e 
scribed a case in which the vascular lesions were interpreted as 



704 


CLARK AND GRAEF 


pulmonary arteriolosclerosis secondary to “essential pulmonary 
hypertension.” Bacon and Apfelbach reported a case in which the 
symptoms appeared after influenza, and they suggested a relation 
of the pulmonary vascular lesions to the latter disease. Rdssle 
considered the cases described by Bredt as representing a non-spe- 
cific allergic arteritis related to rheumatic fever and assigns to them 
the term “rheumatoid vascular disease.” Hora^^ interpreted the 
lesions in his case as evidence of chronic sepsis. In all these cases 
morphological comparisons have served as the basis for the interpre- 
tation of their etiology. In our case of schistosomiasis mansoni the 
presence of the etiological agent in the inflammatory lesions of the 
smaller pulmonary arteries has been demonstrated. 


Summary 

A case of schistosomiasis mansoni in a young Porto Rican dying 
in congestive heart failure has been recorded. Hypertrophy of the 
right ventricle, dilatation of the pulmonary artery and lesions of the 
small pulmonary arteries have been described, and it has been 
demonstrated that the latter represent a form of specific arterial 
disease caused by the presence of ova of Schistosoma mansoni. 
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DESCRIPTION OF PLATES 


PlATE 97 

f re. I. An anterior view of the opened heart reveahng the difated pu/monary 
conus and marked hypertrophy of the right ventricular myocardium. 

Fig. 2. A view of the cut surface of the liver showing the peculiar lobulations 
and zones of hemorrhage. 

Fig. 3. Photomicrograph of a section of the pancreas showing two ova in a 
granulomatous nodule. Hematoxylin and eosin stain, x 350. 





Plate 98 

Fig. 4a. Photomicrograph of a section of the lung showing a small pulmonary 
artery with thickened intima and beneath it a partially collapsed normal 
bronchus. Hematoxjdin and eosin stain, x no. 

Fig. 4b. Same vessel 55 /j. distal to preceding section. Note the presence of 
an ovum within the granulomatous arterial lesion, and a segment of the 
media with internal and external elastic membtanes. Weigert’s elastic 
stain. X 140. 

Fig. 4c. Same vessel no /z distal to preceding section. The section is distal to 
the granulomatous lesion and dilatation is no longer evident. Weigert’s 
elastic stain, x 95. 

Fig. sa. Photomicrograph of a section of another small pulmonary artery re- 
vealing marked intimal thickening and medial hypertrophy. A portion of 
the wall of the adjacent bronchus can be seen at the bottom of this and suc- 
ceeding photographs. Weigert’s elastic stain, x iSo. 

Fig. sb. Same vessel, 195 fx distal to the preceding section, revealing marked 
dilatation, replacement of the walls and occlusion of the lumen by vascu- 
larized granulomatous tissue containing several ova. Hematoxylin and 
eosin stain, x 140. 

Fig. 5c. Same section stained with Weigert’s elastic tissue stain. Note the 
disruption of the elastic membrane, x 140. 
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Pulmonary Arteritis in Schistosomiasis Iriansoni 




EARLY CARDIAC INFARCTION CAUSED BY AN EMBOLUS 
OF CASEOUS TUBERCULOUS MATERIAL* 

REPORT OP A CASE 
E. M. Medlar, M.D. 

{From the Hegeman Manorial Laboratory, the Sanatorium of the Metropolitan Life 
Insurance Company, Ml. McGregor, N. Y.) 

Gouley et al.^ state in their recent report on tuberculosis of the 
myocardium that “while tuberculous pericarditis is not uncommon, 
tuberculous involvement of the myocardium is decidedly rare.” The 
author presents in this connection a tuberculous involvement of the 
heart which he has been unable to find referred to in the literature, 
namely, infarction of the heart muscle due to an embolus of caseous 
tuberculous material. 

The case was that of a white male aged 40 years whose death was 
entirely unexpected. The man had been ill for over 6 months but 
was not considered iU enough to be confined to bed during this time. 
He was an ambulatory patient up to the day of his death. A diag- 
nosis of pulmonary tuberculosis had been made but this condition 
was not considered of sufficient severity to account for the sudden 
death. Because of the circumstances of death a medicolegal autopsy 
was requested. 

The autopsy revealed extensive bilateral pulmonary tubercu osis 
with a single small cavity present in the upper right lobe. There was 
also a generalized miliary tuberculosis. The finding of main interest 
was the presence of a recent infarction of the lateral and upper por 
tion of the left ventricle. The infarcted area measured 3 cm. in 
length, 1.5 cm. in breadth and extended to within a short distance 
of the endocardium. In the gross it presented the usual appearance 
of an infarct of not more than a few days duration. The epicar la 
vessels over the area were congested and there was a zone o con 
gestion about the gray, swollen, infarcted muscle tissue. 

The heart presented no pathological lesions other than t e arc 
The valves and endocardium appeared normal. The coronary ves 
sels, as far as could be determined on gross dissection, s owe no 
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atherosclerosis and no gross evidence of thrombosis or embolism. 
The pericardial cavity contained about 50 cc. of a light yellowish, 
slightly turbid fluid. 

The nature of the infarction was not suspected until a microscopic 
study was made. The infarcted muscle cells were disintegrating. 
There was considerable edema and abundant cellular infiltration, 
especially around the periphery of the lesion. The cells were largely 
monocytes and l5anphocytes with, in places, a generous sprinkling of 
neutrophiles. There was no evidence of tubercle formation or 
Langhans’s giant cells. In other words, the histopathological picture 
of the infarcted heart muscle was that of a non-inf ectious lesion. 

In the epicardium a small branch of the coronary artery lying over 
the infarcted area was found to be plugged by a bit of caseous ma- 
terial in which tubercle bacilli were easily found. Even here there 
was no evidence of tubercles, giant cells or even acute inflammation. 
The wall of the artery appeared to be normal. Very careful search 
failed to reveal any tubercle bacilli within the area of infarction. 

We have here, then, in an individual with generalized miliary 
tuberculosis, an early, acute cardiac infarct caused by a bit of caseous 
material from a pulmonary tuberculous lesion. As a tuberculous 
embolus it entered the circulation in the pulmonary vein and lodged 
in a small branch of the left coronary artery. 

Comment 

It is becoming generally recognized that hematogenous dissem- 
ination of tubercle bacilli is the predominant method by which 
tuberculous foci are established outside of the respiratory and gastro- 
intestinal tissues. This of course excepts the lymph nodes, such as 
the cervical, peribronchial and mesenteric, which usually become 
involved through lymph drainage from foci of infection in the tonsil, 
lung or intestine. 

From the literature it would seem that there is a consensus of 
opinion that tuberculous involvement of the heart and its mem- 
branes occurs through a reversal of lymph flow from mediastinal 
tuberculous nodes. Thus, Gouley ei al.^ give the impression that 
5 out of their 6 cases of myocardial tuberculosis are thus caused. 
Kast ^ reports a case in which he considers the heart involvement 
was brought about through the rupture of a caseous node into the 
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pericardium. It appears that the direct extension, by rupture, of 
tuberculous disease into the pericardial sac might account for an 
occasional case of tuberculous pericarditis. It does not appear logi- 
cal, however, tliat reversal of lymph flow from tuberculous lymph 
nodes in the mediastinum would account for the majority of tuber- 
culous involvements of the epicardium and myocardium. 

Perhaps one of the reasons why the hematogenous nature of 
tuberculous foci in the heart or the pericardium is not appreciated 
is that the bit of tuberculous material is so small that it is extremely 
difficult to identify within the lumen of a capillary around which 
develops the larger lesion. Another reason for failure to appreciate 
the hematogenous nature of the lesion is that by the time the case 
has come to autopsy the disease process has been in existence so long 
that it is impossible to determine the site and nature of the original 
lesion. 

The cardiac involvement reported in this article is of real signifi- 
cance relative to hematogenous dissemination of tuberculous ma- 
terial. First, the lesion is of such recent occurrence that the nature 
and location of the tuberculous material can definitely be deter- 
mined. Second, the caseous embolus, having demonstrable tubercle 
bacilli, was within a coronary artery. And third, the embolus was 
of sufficient si^e to cause a typical infarct of considerable size in the 
left ventricular wall. 

Summary 

A case of cardiac infarction due to a caseous tuberculous embolus 
within a branch of the left coronary artery is reported. 

Note: The material for this report was made available through 
Dr. A. W. Johnson, Coroner for Saratoga County, N . Y. 
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Plate 99 

Fig. I. An area of the infarcted heart muscle showing extensive cellular infil- 
tration. X 50. 

Fig. 2. Section showing caseous embolus within the coronary artery, x 300. 
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LESIONS OF THE LEFT AURICLE IN RHEUMATIC FEVER* 

Louis Gross, M.D. 

{From the Laboratories of the Mo7int Sinai Hospital, New York City) 

The influence of the nature and topography of tissues on the char- 
acter of the resultant inflammatory process is better exemplified by 
rheumatic fever than by most other chronic diseases. Thus, for ex- 
ample, characteristic individual differences are found in the rheu- 
matic lesions of the myocardium, valve rings, valve substance, 
pericardium, subcutaneous tissues, tendinous insertions and blood 
vessels, even though some of these may possess structural or cellular 
peculiarities in common. This relation between inflammatory proc- 
ess and tissue structure is strikingly shown in the left auricular en- 
docardial lesions. 

Rather vague and sketchy references to left auricular lesions were 
made by Corvisart,^ Burns,^ Baillie,® Wells,^ Laennec,® Hope ^ and 
Bouillaud.^ From these it is often difficult to detenmne whether the 
underlying cause was rheumatic fever, bacterial endocarditis or au- 
ricular thrombosis. 

In i8g8 Claude and Levaditi ^ gave a gross and microscopic de- 
scription of what appears to have been an old rheumatic, left au- 
ricular endocardial lesion with calcification. They noted distended 
capillaries, inflammatory cells and obliterative vascular changes 
near the ulcerated (calcific ?) surface. Bacteriological cultures were 
negative. The case described by Cheadle and Lees ® in the same year 
was undoubtedly one of bacterial endocarditis. This suggestion was 
made by Poynton, who performed the autopsy. 

Huchard’s monograph (1903) contains two excellent drawings of 

* Aided by grants from the Lucius N. Littauer and Walter W. Naumburg Funds. 
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typical rheumatic auricular lesions illustrating some of the gross and 
microscopic features of this process. The text description, however, 
is very vague. In 1914 Harper reported 9 cases of rheumatic infec- 
tion in childhood. In i case the “endocardium of the left auricle was 
found to be thickened and wavy. This was considered evidence of a 
former endocarditis.” In 1920 Hertel reported 10 cases of “parie- 
tal endocarditis.” One of these was a “recurrent endocarditis of 
the mitral valve.” Between the anterior and posterior cusps she ob- 
served large deposits, partly warty, partly polypoid, hanging in the 
heart cavity. These vegetations extended up the left auricular en- 
docardium. An excellent histological description is given of these 
lesions which Hertel believed were a contiguity process from the 
mitral valve. However, although the description of this microscopic 
auricular lesion closely resembles in certain respects the true rheu- 
matic process, the character of the gross lesions and some of the 
microscopic features suggest the possibility of at least a superim- 
posed bacterial process, in spite of the reported negative bacteriologi- 
cal findings. 

The study of this very interesting lesion took on new significance 
after the publication of the reports by MacCallum (1924-1925).^® It 
is to the great credit of this author that he clearly recognized the es- 
sentially rheumatic nature of the left auricular process, gave an ex- 
cellent description of its gross and microscopic features and, because 
of his extensive experience in the pathology of rheumatic fever, pre- 
sented his findings on material which can hardly be subject to ques- 
tion. The most important points brought out by MacCallum were 
the infiltration of the endocardium and subendocardium with in- 
flammatory cells, the banded appearance of the Aschoff bodies in 
the endocardium, the presence of necrotic bands of collagen, the 
edema, the distortion of the elastic lamellae and the extension 
of the process through the auricular myocardium to the pericardial 
mantle. 

Soon after the publication of the first of these papers, Stewart and 
Branch reported a case of rheumatic auricular endocarditis with 
calcification. The endocardium of the left auricle showed fibrous 
thickening with irregularity of the surface. The presence of ad- 
hesive pericarditis and myocardial Aschoff bodies, together with the 
clinical history, led the authors to conclude that the auricular lesion 
was of a rheumatic nature. 
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In 1926 VonGlahn added materially to our knowledge of this 
lesion by a description of the auricular changes found in 9 out of 31 
cases of rheumatic valvular disease. While no attempt was made to 
segregate the cases with respect to acuity or chronicity of the rheu- 
matic process in the entire heart, a very careful and detailed descrip- 
tion was given of the gross lesions and microscopic findings. In this 
paper VonGlahn was able to confirm MacCallum’s findings and 
noted in addition the presence of large and small mononuclear cells, 
as well as pol3unorphonuclear leukocytes, oriented at right angles to 
the endocardial waU. He observed fibrin on the surface of some of 
these lesions and, at times, verrucous deposits. Considerable quan- 
tities of fibrin were present in the subendocardium. Capillaries were 
seen penetrating the endocardial lesion but never beyond the middle 
portion. Healing took place by means of cells resembling fibroblasts 
which arranged themselves perpendicularly to the surface in the 
superficial part of the endocardium, especially between the main 
connective tissue layer and the endothelium. Later on, elastic fringes 
and often calcium deposits were seen in these healing and healed 
areas. Further healing took place by the disappearance of the cel- 
lular accumulations. 

These descriptions were subsequently amplified by Pappenheimer 
and VonGlahn,^® and by VonGlahn and Pappenheimer.^'^ In the 
latter report reference is made to the finding of 3 cases with lesions 
in the right auricle. Since the publication of these papers several 
new cases have been described by Shaw,^® Perla and Heutch,^® and 
by Klinge,^® largely confirming the previously reported observations. 

On reviewing the findings reported by the above mentioned 
authors, it appeared desirable to investigate these lesions on a much 
larger series of material, laying especial emphasis on the correlation 
between the gross and histological findings in the left auricle and the 
clinical course of the disease. This report will concern itself with a 
study of 87 rheumatic cases. Sixty-seven of these were active and 
showed Aschoff bodies in the myocardium, a^nd 20 showed chronic 
valvular disease of the rheumatic variety but without evidence of 
activity either clinically or pathologically and with no demonstrable 
Aschoff bodies in the myocardium. The grouping as to activity and 
inactivity was based on the criteria outlined by Rothschild, Kugel 
and Gross.^^ Particular care was taken to avoid material which in 
any way indicated the possibility of a coexisting bacterial endocar- 
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ditis. A careful study of the clinical records and pathological speci- 
mens made it possible to divide the material into the following 
groups : 

Group i. Active cases where death took place in the first 
attack or where one preceding attack occurred within i year 
of the fatal outcome. 

Group 2. Active cases in which one previous attack occurred 
at least 2 years previous to the fatal outcome. 

Group 3. Active cases with repeated attacks, death occurring 
during an acute recurrence. 

Group 4. Active cases where death was caused by decompen- 
sation without clinical evidence of a final recurrence. Some 
of these cases had no previous history of rheumatic fever. 

Group 5. Inactive cases of chronic valvular disease of the typi- 
cal rheumatic variety. 

The technical methods used were essentially the same as those 
previously described by Gross and Ehrlich.®^ The findings here re- 
ported are based on a study of the routine left auricle sections (L.A.) 
and the auricular portions of the routine mitral valve posterior sec- 
tions (M.V.P.) obtained in the standardized procedure suggested by 
Gross, Antopol and Sacks.^^ 

Before describing the findings in this material it is advisable to 
present very briefly the histological characteristics of the normal left 
auricular endocardiiun, with special reference to the age period 
changes. It will be found that among the changes produced by 
rheumatic fever in the left auricular endocardium there occur altera- 
tions in the relations of the connective tissue, smooth muscle and 
elastic tissue components. Since alterations also occur as the result 
of age, it is necessary to have a clear-cut conception of these processes 
in order to differentiate the changes that are of normal evolutionary 
origin from those that may be due to the rhemnatic process. This is 
particularly true for the findings in the inactive cases. 

Descriptions of the histology of the left auricular endocardium 
have been reported by Koniger,^^ Nagayo,^ MiUer and Perkins,^® and 
by Perkins and Miller.^^ The descriptions by Koniger and Nagayo 
appear to be unnecessarily complex and too rigid to fit the not 
inconsiderable variations found in the normal, hmnan, left auricular 
endocardium. In the reports by MiUer and Perkins, and Perkins 
and Miller, the age period changes in the left auricular endocardium 
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are described in a 2 day old infant, a 35 year old individual and an 85 
year old individual. 

In order to obtain a more plastic impression of the age period 
changes in a fairly representative number of cases, 50 normal hearts 
were chosen for study. These specimens were carefully selected to 
rule out such conditions as may be expected to affect the cardiovas- 
cular system. An examination of this material reveals the following 
histological and topographical features of the left auricular endocar- 
dium and their changes from birth to the eighth decade of life. 

Histology and Age Period Changes of the Left Auricular 
1 Endocardium 

The fibro-musculo-elastic membrane lying internally to the left 
auricular myocardium may be divided into two layers, i.e. the endo- 
cardium proper and the subendocardium (Fig. i). The former con- 
sists at birth of somewhat closely packed, anastomosing delicate 
sheets of elastic tissue separated by collagen fibrils. The elastic 
membranes lie parallel to one another and to the lumen of the 
auricle, running for the most part transversely to the axis of the 
blood stream flow. Dividing this endocardial layer arbitrarily into 
three equal zones, 'diz. inner third, middle third and outer third, it 
may be said that there are no conspicuous concentrations of the 
elastic tissue in any of the zones but that the outermost one occa- 
sionally contains a few smooth muscle fibers with their axis gen- 
erally parallel to the elastic lamellae. Apart from these, the endo- 
cardium shows a large number of fibroblasts with fairly abundant 
cytoplasm and somewhat vesicular rounded nuclei. The cells are 
embedded in a mucinoid, more or less basophilic matrix. Within a 
few months after birth the cytoplasm disappears and the nuclei 
become denser and somewhat elongated. Scattered, large mono- 
nuclear cells, occasional lymphocytes and rare pol3anorphonuclear 
leukocytes may also be seen. These cells occur rather infrequently 
until about the fourth decade of life when they practically disappear 
from the normal endocardium. The number of fibroblastic nuclei 
appears to fall off sharply within the first year of life. They gen- 
erally occupy the middle and outer thirds of the endocardium. From 
the third decade on they become very sparse. No blood vessels are 
seen in the normal endocardium. 
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The endocardium is covered by flat endothelial cells. Between 
these and the outermost elastic lamellae there are found a few scat- 
tered cells apparently derived from the primitive mesenchymal layer 
which, because of their multipotential properties under certain in- 
flammatory conditions, will be referred to as the “mesenchymal 
layer.” It is to be noted that this layer is most inconspicuous in the 
normal left auricle. 

Immediately external to the endocardium proper, and intimately 
bound up to it, lies the subendocardial layer. This consists of larger 
and denser collagenous masses separated by interlacing elastic fibers 
which are thicker than those of the endocardium proper and generally 
run at right angles to the latter. The outermost zone of this suben- 
docardial layer may at times take on a looser structure and merge 
with the collagenous framework of the adjacent auricular myo- 
cardium. A few scattered capillaries and very rare mononuclear 
cells are normally present in the subendocardium. Lymphocytes 
and polymorphonuclear leukocytes are practically never seen. The 
capillaries are often more conspicuous when fat tissue is present. 

During the second year of life the regularity of the endocardial 
pattern may be somewhat disturbed. The elastic fibers may show 
focal concentrations or, in places, be missing. Thus, the beginnings 
of a mosaic pattern are already noted. This becomes more frequent 
during the second half of the first decade. About the end of the first 
decade an occasional specimen shows a somewhat greater concen- 
tration of smooth muscle fibers in the outermost endocardial zone. 
These run occasionally obliquely, but for the most part, trans- 
versely. At times the innermost endocardial layers may be scant in 
elastic fibers and present an appearance somewhat resembling the 
inflammatory structure which will be referred to as an “endocardial 
reduplication.” These are, however, generally easily distinguishable 
from true reduplications during the first four decades of life, after 
which they occur with considerably greater frequency and can sel- 
dom be distinguished from the type of reduplication often found m 
chronic valvular disease of long duration. 

From the second decade on, occasional specimens show a less dis- 
tinct differentiation between the endocardium and subendocardium. 
During the third decade the subendocardium begins to show fat 
accumulations. As indicated before, these frequently contain a 
larger number of capillaries. The smooth muscle fibers, which gen- 
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erally occupy the outer zone of the endocardium proper and occur in 
more or less compact masses, become decidedly more conspicuous 
in the fourth decade and may produce irregularities in the distribu- 
tion of the elastic lamellae, with the formation of elastic-muscular 
mosaics. 

In the sixth decade of life a new pattern appears. The superficial 
layers of the elastic tissue may be either concentrated or quite de- 
fective. The inner zone of the endocardium generally shows atrophy 
of the elastic fibers with, at times, disappearance. The middle zone 
often shows dense concentrations of elastic fibers. The outer zone 
frequently contains conspicuous smooth muscle bundles, at times 
intermingled with dense elastic concentrations. The subendocar- 
dium frequently contains considerable fat tissue. 

In the seventh decade the elastic fibers become extremely scant, 
being concentrated in irregular collections; the smooth muscle com- 
ponents are quite conspicuous and endocardial reduplications inter- 
nal to the innermost elastic lamellae are frequently encountered. 
These reduplications are generally narrow, not elastified, of more or 
less even thickness and rest on a fairly heavy, elastic limiting mem- 
brane. The eighth decade frequently shows distinct atrophy of the 
endocardium with, generally, hypertrophy of the smooth muscle 
elements. 

Macroscopic Appearance of Rheumatic Auricular 

Endocarditis 

The macroscopic appearance of the rheumatic auricular lesions 
has been described in detail by VonGlahn.^^ The chief points 
brought out by this author are the predilection site of the posterior 
wall of the left auricle, at times spreading over almost the entire en- 
docardial surface into the auricular appendage and up to the orifices 
of the pulmonary veins; the rare involvement of the foramen ovale; 
the appearance of irregular low ridges and hillocks, separated by 
furrows with no definite pattern; the smooth, glistening, at times 
slightly duU, irregular surface with, rarely, distinct projections 
resembling vegetations; the tawny gray color in the more acute 
lesions and grayer and translucent appearance of the older ones; and 
in the more extensive process, the flat or delicately ridged plaques 
of yellow color. 
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To the above resume may be added the fact that not infrequently 
the only macroscopic evidences of endocardial lesions are the pres- 
ence of very inconspicuous, flat, often rounded plateaus, sometimes 
measuring no more than 2 mm. in diameter, generally delicate pink 
but, at times, no different in color from the remainder of the left 
auricular endocardium. These delicate elevations merge impercep- 
tibly with the adjacent tissues and are best brought out by sponging 
the inner surface of the auricle and allowing the hght to fall on the 
lesion in such a way as to emphasize the shadows, much as is done 
in the photography of flat projections. 

It is to be noted that the normal endocardium often displays a 
cross weaving of elastic fibers in somewhat sharply cut geometric 
pattern. These may appear as slightly raised, white or gray ridges 
which, however, are practically always in the form of straight hnes. 
The flat rheumatic auricular lesions differ from these geometric 
elastic patterns of the normal auricular endocardium in their rounded 
contour, greater irregularity, broader base and, sometimes, in their 
pinkish color. 

The only statistics available on the incidence of macroscopic left 
auricular rheumatic lesions are those by VonGlahn, who observed 9 
instances among 31 cases (29 per cent), and Thayer,^® who noted 
acute or chronic mural endocarditis of the left auricle in 10 out of 
25 cases (40 per cent). Gross auricular lesions were observed in 80 
per cent of the series of rheumatic hearts which form the basis of this 
report. The highest incidence was in Group 3 of the above men- 
tioned cKnical classification (repeated attacks) where they were 
foirnd in every instance. The lowest incidence was in Group 5 
(chronic valvular disease without Aschoff bodies) where they were 
found in approximately half the cases. Macroscopic lesions in the 
right auricle were very mild, not nearly as easily discernible as those 
of the left auricle and relatively infrequent. Their histological char- 
acteristics are similar to those of the left auricular lesions. 

Microscopic Appearance oe Rheuiiatic Auricular Lesions 

As has been indicated by previous authors, the auricular lesions in 
rheumatic fever may present a variety of pictures depending on the 
acuity of the process and on the individual reactions of the tissues. 
These reactions in turn may possibly be influenced by the immuno- 
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logical state of the individual. An analysis of these histological 
changes indicates that they may be roughly classified into five types, 
each corresponding to one of the clinical groups mentioned above. 

Group I 

Histology of the Left Auricular Lesion Found in Active Cases Where 
the Individual Died Either in the First Attack or Where One 
Preceding Attack Occurred Within i Year of the Fatal Outcome 

There were 17 cases in this group, ranging in age from 17 months 
to 19 years. The endocardium proper in every specimen showed 
varying grades of infidtration with inflammatory cells (Fig. 2). 
These were generally pol3Tnorphonuclear leukocytes and lympho- 
cytes, as well as occasional eosinophiles, plasma cells and large 
mononuclear cells. Many of the cells were oriented at right angles 
to the auricular lumen, appearing often as ameboid streamers. In 
approximately half the cases the infiltration was very marked. 
In almost every specimen there were noted palisades or banded 
arrangements of these cells on either side of swollen elastic and 
collagen fibers. There did not appear to be any site of predilection 
within the auricular endocardium for these palisades. Apart from 
these, however, the infiltration was generally diffuse with numerous, 
focal, intense accumulations scattered irregularly throughout the 
several zones of the endocardiiun. In approximately half the cases 
there were present stratified cellular accumulations with histological 
properties similar to the cellular components entering into the for- 
mation of Aschoff bodies. Thus, the cells possessed owl-eyed, fibro- 
eytoid and pyknotic nuclei and were surrounded by rather abundant 
basophilic cytoplasm with ragged edges. These cells also appeared 
to be limited by the adjacent elastic and collagenous bands (Fig. 3) 
and sometimes arranged themselves around fragments or sheets of 
swollen eosinophilic collagen. These lesions will be referred to as 
endocardial Aschoff bodies. 

Besides these cellular accumulations the endocardium, as indi- 
cated, generally showed conspicuous bands and foci of swollen 
eosinophilic collagen (fibrinoid change). The elastic fibers almost 
invariably showed a definite departure from the normal consistence 
and topography. Instead of the regular lamellated arrangement 
seen in normal controls, particularly in the younger age periods. 
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many of the endocardial lesions showed spreading apart of the elastic 
lamellae (Fig. 4) and deviation from their parallel arrangement so 
that arches were formed, often directed toward the subendocardium. 
Occasionally, the membranes showed rupture with irregular patches 
of thinning; in other areas they were thickened and concentrated 
(Fig. 5). For simplicity of description such irregularities in the dis- 
tribution of the elastic membranes will be referred to as “elastica 
distortions.” Approximately one-third of the cases showed marked 
edema of the endocardium. This generally occurred in the area 
showing greatest cellular accumulations. 

As previously indicated, there is a tendency for the smooth muscle 
of the endocardium to increase with advancing age. This muscular 
stratum is generally but not invariably situated in the outermost 
zone of the endocardium and usually occurs in more or less compact 
form. In the typical auricular lesion falling in this clinical category, 
the smooth muscle elements may increase in nmnber (Figs. 6 and 7). 
They are sometimes irregularly arranged; the bundles may be sepa- 
rated into smaller discrete islands and occupy various zones of the 
endocardium proper. 

It has also been shown that the normal endocardium possesses no 
discernible capillaries (as opposed to the subendocardium, in which 
capillaries are invariably seen). In the auricular lesion under de- 
scription there is seen in the majority of instances a penetration of 
capillaries from the sub endocardium into the endocardium proper. 
These are frequently seen to lie between the smooth muscle bundles, 
often arranged at right angles to the endocardial surface (Fig. 7). In 
approximately half the cases they penetrate to the middle zone of the 
endocardium (Figs. 8 and 10) and in about one-third of the cases 
they penetrate as far as the inner zone (Fig, 9). This phenomenon 
will be referred to as “capillary penetration,” although it is to be 
noted that in a few instances the penetrating vessels are of arteriolar 
structure. 

Perhaps the most important feature of this lesion is the endo- 
cardial “reduplication.” This is a term intended to designate the 
formation of a new layer of tissue situated between the innermost 
elastic lamella and the auricular endothelial lining. These redupli- 
cations occur in several different forms. In the chnical group under 
discussion the most frequent form is the embryonal uncovered type. 
This consists of a not inconspicuous layer of mucinoid-staining mate- 



LESIONS OE LEFT AURICLE IN RHEUMATIC FEVER 


721 


rial which may attain a width approximately equal to that of the 
endocardium proper (Fig. 6). Within the matrix of this material 
there are seen stellate and spindle cells often running at right angles 
to the elastic membranes and consisting of vesicular nuclei sur- 
rounded by a rather hazy, faintly staining cytoplasm. Inasmuch as 
these cells apparently possess the multipotentiality of mesenchymal 
tissue (transforming themselves usually into fibroblasts, smooth 
muscle and, rarely, bone) they are referred to here as embryonal 
mesenchymal cells. Occasionally in this group an elastic membrane 
is seen covering this reduplication (covered embryonal reduplica- 
tion) . It is apparently this lesion that VonGlahn considered one of 
the healing processes of the endocardial lesion. 

In this clinical group more than half the cases show these redupli- 
cations as single strata. Occasionally, however, two strata are seen 
separated from one another by an elastic membrane. These are re- 
ferred to as multiple reduplications (Figs, 6, 10 and 12). Another 
form of reduplication is the edematous type. This was seen only 
once and consisted of a rather gelatinous tissue infiltrated with 
small, round, inflammatory cells (Fig. 4). Although occurring 
infrequently in this group, the covered reduplication presents 
another variant. This consists of an endocardial reduplication, often 
with an embryonal matrix, lying inside the innermost auricular en- 
docardial elastic membrane and showing various grades of elastifica- 
tion with more or less parallel rows of elastic lamellae (elastified 
reduplication) (Fig. 8) . Another form of reduplication is the dense 
collagenous variety. As its name indicates, this consists of rather 
dense collagen bundles (Figs. 9, 10 and ii) which may or may not be 
penetrated with a varying amount of elastic tissue. This occurred 
only once in this series. Smooth muscle cells in the endocardial re- 
duplications were seen only once in this group (Fig. 10) . 

In this clinical group the subendocardium invariably shows evi- 
dence of infla mm atory change (Figs. 2, 3 and 4). This generally con- 
sists of a marked infiltration between the coUagenous bundles. The 
latter may or may not show eosinophilic swelling. The cellular com- 
ponents are similar to those mentioned as fomung the characteristic 
infiltration of the endocardium. The infiltration is generally diffuse 
but ma}'^ be focal. Both the inflammator}’" cells as well as edema pro- 
duce, at times, a marked increase in the width of the subendocardium 
(Figs. 3 and 4). In approximately one-third of the cases Aschoff 
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bodies were present in the subendocardium, these being of a some- 
what modified mosaic pattern with the characteristic cells l}ing in 
the crypts between the collagenous bundles. The elastic fibers of 
the subendocardium also show considerable modification, such as 
thickening, swelling, rupture, concentration and, at times, dis- 
appearance. 

The capillary component of the subendocardium generally shows 
a very definite increase in their number. Not infrequently they are 
larger, more conspicuous, often oriented toward the auricular lumen, 
sometimes with endothelial buds and swollen endothelial cells. One 
case in this group showed the characteristic, intimal, musculo-elastic 
h3q)erplastic changes similar to those described by Gross, Kugel and 
Epstein as occurring in other coronary vessels m the heart in rheu- 
matic fever (Fig. ii). Not infrequently delicate vascular channels 
are seen to be distended with l3anphocy tes (Fig. i) . This was pointed 
out by MacCallum. 

Approximately half the cases showed considerable hypertrophy of 
the myocardium (Fig. 12). As Sacks®® has indicated, such hyper- 
trophy is not necessarily associated with valvular defects but ap- 
pears to be a direct stimulating effect of the exciting agent. In the 
interstitiiun between the myocardial bundles several cases showed 
edema and early fibrosis. Practically every specimen showed some 
form of cellular infiltration, often with lymphocytes, sometimes with 
polymorphonuclear leukocytes, occasionally plasma cells, eosino- 
philes and large mononuclear cells (Fig. i). These were arranged 
either diffusely or focaUy and very often showed a contiguity with 
the subendocardial infiltration on the one hand and with an inflam- 
mation of the pericardium on the other. Apart from these non- 
specific cellular infiltrations, more than one-third of the specimens 
showed myocardial Aschoff bodies of various t3q)es. 

As indicated in a previous report,^® the vascular lesions occurring 
in the left auricular wall in acute rheumatic fever are not con- 
spicuous or characteristic. Nevertheless, the majority of cases 
showed vessels with glassy medial hypertrophy, and with medial 
h)q)ertrophy.* In some cases the capillaries were rather conspi- 
cuous. Rarely giant medial hypertrophy with metallaxis was 
encountered. In 2 cases intimal fibrosis was noted. 

In every specimen some form of pericardial inflammation was 

* For a description of these lesions see Gross, Kugel and Epstein.®® 
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noted. In more than half the cases this consisted of a microscopic, 
mild or marked infiltration, generally with lymphocytes, occasion- 
ally with polymorphonuclear leukocytes, eosinophiles, plasma cells 
and large mononuclear cells. These infiltrations tended to occupy 
the outermost zones of the pericardium. In 2 cases pericardial 
Aschoff bodies were seen. Rarely, eosinophilic swelling of the col- 
lagen was noted. The pericardial capillaries were generally quite 
conspicuous. In 2 cases the vessels showed small thrombi, in i case 
there was seen pol3q)oid endarteritis, giant medial hypertrophy with 
metallaxis and intimal musculo-elastic h5q)ertrophy. 

In one-third of the cases a distinct fibrinous pericarditis was 
present. It is to be noted, however, that this figure represents the 
incidence of this lesion as it was observed in the left auricular section 
studied. Macroscopic pericarditis, either fibrinous or adhesive, was 
observed on some portion of the entire heart in 80 per cent of the 
cases in this clinical group. 

Group 2 

Histology of the Left Auricular Lesiou Found in Active Cases Where 
One Previous Attack Occurred at Least 2 Years Previous 
to the Fatal Outcome 

There were 10 cases in this group, ranging in age from 7 to 34 
years. The average endocardial lesion resembled very closely that 
described for the first group. For the sake of simplicity its chief his- 
tological features are listed seriatim as follows: 

1. Palisades were observed in only 4 of the 10 cases, as corn- 
pared to 15 of the 17 cases in Group i. These palisades cfid 
not differ essentially in their histological characteristics 
from those previously described. The same may be said for 
the incidence of eosinophilic swelling of the collagenous tis- 
sue, which closely paralleled the incidence and extent of the 
cellular infiltration. 

2. Endocardial Aschoff bodies were found of the same type as 
those previously described. The incidence, however, was 
appreciably lower (2 out of 10 cases). 

3. Inflammatory cell infiltrations, elastica lesions, capillary 
penetration and increase in the smooth muscle component 
of the endocardium were similar to that described in 
Group I. 
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4. The most conspicuous difference from the first group lies in 
the nature and incidence of the reduphcations. These were 
found in 7 out of the 10 cases. Multiple reduplications were 
seen in i case. All the reduplications were elastified. Some 
were covered. Two were of the dense collagenous variety 
and one showed a smooth muscle component. 

5. As in Group i, the width of the subendocardium was in- 
creased in approximately half the cases (Fig. 9). 

6. Infiltration of the subendocardium with inflammatory cells 
occurred with about the same frequency as in Group i, with 
perhaps a lower grade of intensity in approximately half the 
cases. 

7. Subendocardial Aschoff bodies were found in only i case of 
the 10, as compared to 5 of the 17 in Group i. 

8. The increase in subendocardial vascularization was approxi- 
mately the same as in Group 1, as was the nature of the 
vessels. One case showed arterioles and arteries with h)qDer- 
trophied walls. 

9. Eight out of the 10 cases showed myocardial hypertrophy. 
In the majority of these the hypertrophy was marked, 

10. The interstitial myocardial infiltration, which was on the 
whole somewhat less marked than that in Group i, occurred 
in 7 out of the 10 cases. Aschoff bodies were found in 4 cases. 

11. Myocardial fibrosis was of about the same extent and inci- 
dence as in Group i. 

12. The myocardial vascular lesions were somewhat more 
varied. Thus, in 2 cases some of the blood vessels showed 
prohferation and desquamation of the endothehum; i case 
showed giant medial hypertrophy with metallaxis; 2, intimal 
fibrosis; 2, plugging of vessels with small thrombi; i, intimal 
musculo-elastic h}q)erplastic changes, and i, intimal elasti- 
fication even in an early age period. 

13. The incidence and type of microscopic pericarditis is similar 
to that described in Group i. In 2 cases section of the left 
auricle showed adhesive pericarditis; i case showed a vanety 
of rheumatic vascular lesions in the pericardium similar to 
those described in Group i. (Macroscopic pericarditis, 
either fibrinous or adhesive, was observed on some portion 
of the entire heart in 7 of the 10 cases in this clinical group.) 
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Taken as a whole, the most conspicuous dijfferences between the 
left auricular lesions in the first group and those in this clinical group 
lie in the lower incidence in the latter of palisade formations and 
of Aschoff bodies in the endocardium, subendocardium and myo- 
cardium; in the somewhat higher incidence and qualitative differ- 
ences in the reduplications; and in the milder form of the interstitial 
myocarditis. 


Group 3 

Histology of the Left Auricular Lesion Found in Active Cases With 
Repeated Attacks, Death Occurring During an Acute Recurrence 

There were 12 cases in this clinical group, ranging in age from 4I to 
36 years. The average endocardial lesion showed decidedly greater 
changes from the type described in Group i than did the previously 
described group. The following are the chief histological features: 

1. While infiltration of the endocardium, as in the previous 
groups, was found in every case, this was marked in only 
5 cases. The character of the cells and the incidence of 
eosinophilic swelling of the collagen was about the same. As 
in the previously described group, palisades were found less 
frequently than in Group i. These were noted in 7 cases, in 
5 of which the cells were of the large mononuclear variety. 

2. Endocardial Aschoff bodies were found in 2 cases. 

3. The elastica lesions were similar to those described in Group 
1. They were found in every case. 

4. Capillary penetration occurred in 1 1 of the cases. In 4 this 
was quite marked. In the rest of the cases penetration was 
very inconspicuous and affected only the outermost musculo- 
elastic zone. 

5. The smooth muscle increase was perhaps more definite in 
this group. 

6. The most important difference from the previous groups lay 
in the incidence and t3q)e of reduplications. Thus, 6 cases 
of the 12 showed multiple reduplications, of which 3 pos- 
sessed triple reduplications. Altogether, reduplications were 
found in II cases. The majority of them were elastified. A 
few of them were of the embryonal type and 2 showed 
smooth muscle components. 
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7. In practically every instance’ the subendocardium was some- 
what increased in width. The infiltration, which was quali- 
tatively of the same type as previously described, was 
marked in 7 cases. 

8. In 3 cases subendocardial Aschoff bodies were present. 

9. The increase in subendocardial vascularization, though still 
high in incidence (9 cases), was somewhat lower than pre- 
viously described. 

10. Eleven of the 12 cases showed marked myocardial h3q)er- 
trophy. 

11. Fibrosis between the myocardial bundles was found in 7 
of the 12 cases, in i of which elastification was also present, 
even though in a relatively early age period (17 years). 

12. In 4 cases inflammatory cell infiltration was marked. In 3 
there was no infiltration noted. In the rest the infiltration 
was mild. Myocardial Aschoff bodies were found in 2 cases. 

13. Vascular lesions of the myocardium occurred in even greater 
variety and frequency in this group. Thus, 3 cases showed 
intimal elastification; 2, intimal fibrosis; 4, thickening of the 
myocardial arteries or arterioles; and i, intimal musculo- 
elastic hyperplastic changes. 

14. Eight cases showed organized or organizing pericarditis, a 
much higher incidence than was found in the previous 
groups. Typical rheumatic vascular lesions were found in 
I case. (Macroscopic pericarditis, either fibrinous or ad- 
hesive, was observed on some portion of the entire heart in 
10 of the 12 cases in this clinical group.) 

Considered as a whole, the features of this group are the tendency 
for the palisade formations to consist of large mononuclear cells, the 
higher incidence of multiple reduplications and adhesive pericarditis, 
and the lower incidence of interstitial myocarditis. 
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Group 4 

Histology of the Left Auricular Lesion Found in Active Cases Where 
Death was Caused by Decompensation Without Clinical 
Fvidence of a Final Recurrence. Some of these Cases Had 
N 0 Previous History of Rheumatic Fever 

There were 28 cases in this clinical group, ranging in age from 18 
to 62 years. The average auricular lesion showed a decided decrease 
in active inflammatory phenomena. The following are the chief 
histological features: 

1. Only 5 cases of the 28 in this group showed marked infiltra- 
tions of the endocardium;' these were qualitatively similar 
to those described previously. Five cases showed no infil- 
tration. In the remaining cases there was present only a 
mild grade of generally l3Tnphocytic infiltration. Edema 
was also less marked and less frequent in this group. 

2. Endocardial Aschoff bodies were found in only 4 of the 
28 cases. 

3- The incidence of palisade formations was decidedly lower, 
only 3 cases presenting these lesions. These were of the 
larger mononuclear cell variety. Eosinophilic swelling of 
the coUagen occurred in only 3 cases, in 1 of which it was 
quite pronounced. 

4« The smooth muscle components of the endocardium were 
very definitely increased, even after making allowance for 
the fact that the majority of the cases in this group belong 
to older age periods. 

5- The elastica lesions were of the patchy variety and some- 
what difficult to distinguish from age period changes (Fig. 
11). 

6. Nine cases showed multiple reduplications, of which 3 were 
triple reduplications. Altogether, 27 cases showed redupli- 
cations, generally of the elastified or dense collagenous 
variety. These were usually covered. In i case (Fig. ii), 
the reduplication was of the flat, coUagenous, and some- 
what elasti:^ed variety which, as will be noted later, is very 
characteristic of the cases belonging to the next clinical 
group, ix. chronic valvular disease without actmty. One 
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reduplication was of the embryonal type. Three of the re- 
duplications showed smooth muscle components. One case 
showed calcific deposits on the superficial layers of the en- 
docardium. 

7. The width of the subendocardium was increased in the 
majority of instances. 

8. Five of the 28 cases showed marked cellular infiltrations of 
the subendocardium; 17 cases showed mild infiltrations; 6 
cases showed none. 

9. Subendocardial Aschoff bodies were found in 7 of the 28 
cases. 

10. The vascularization of the subendocardium was increased 
in the majority of the cases. In i there was noted arteriolar 
hypertrophy; intimal musculo-elastic hyperplastic lesions 
were noted in 2, 

11. In practically every case the myocardium was markedly 
h)^ertrophied. 

12. In 18 cases there was no infiltration of the interstitial tissue 
of the myocardium. When it occurred it was generally mild 
and focal, consisting usually of lymphocytes and histiocytes. 
In I case myocardial Aschoff bodies were present. 

13. The incidence of myocardial fibrosis was similar to that pre- 
viously described. In addition, however, elastification oc- 
curred in 3 cases (in the somewhat later age periods). 

14. The vascular lesions of the myocardium consisted of intimal 
elastification in about half of the cases. It is to be noted 
again that these occurred in the somewhat later age periods. 

15. The pericardial lesions were on the whole mild. However, 
fibrinous pericarditis occurred in i case. Peculiar infoldings 
of the pericardial mantle with large swollen lining cells were 
found in 2 cases. Pericardial Aschoff bodies were found in 
I case. (Macroscopic pericarditis, either fibrinous or ad- 
hesive, was observed on some portion of the entire heart in 
9 out of the 28 cases in this clinical group.) 

Considered as a whole, the features of this group are the lower in- 
cidence of endocardial infiltration, palisade formation, Aschoff bodies 
and myocardial infiltration, and the higher incidence and pecidianty 
of the reduplications as well as the mildness of the pericardial lesions. 
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Group 5 

Histology of the Left Auricular Lesion Found in Inactive Cases of 

Chronic Valvular Disease of the Typical Rheumatic Variety 

There were 20 cases in this clinical group, ranging in age from 
II to 80 years. The average auricular lesion was marked by its ex- 
treme indolence. The following are the chief histological features: 

1. Infiltrations of the endocardium occurred in practicall)'^ 
every specimen. However, these were all very mild, con- 
sisting of scattered lymphocytes, occasional amebocytes and 
often large mononuclear cells. In many instances these in- 
filtrations could not be distinguished from the occasional 
cellular infiltrations of the normal endocardium. However, 
inasmuch as the latter showed practically no infiltration 
after the fourth decade, its occurrence in many of the older 
cases of this clinical group was of some significance. 

2. In I case there occurred a palisade formation of large mono- 
nuclear cells. This was associated with a moderate amount 
of eosinophilic swelling of the collagen. Edema was not 
found. 

3. Aschoff bodies were not present in the endocardium. 

4. A great variety of elastic changes was found in this group. 
None of them, however, showed the characteristic separa- 
tion and stretching of the elastic fibers seen in the more 
active lesions. They consisted generally of exaggerations of 
the normally occurring age period changes of the elastic 
tissue, from which they were difficult and often impossible 
to distinguish. On the whole, it may be said that the elastic 
distribution in the endocardium in cases falling into this 
group is distinctly irregular, patchy, with, not infrequently, 
areas of cross-weaving of the elastic fibers and accumulation 
into compact bundles forming a mosaic with areas in which 

the elastic tissue was extremely sparse. 

5. As in the previously described groups, the smooth muse e o 

the endocardium was increased. This, however, re 

quently difficult to judge because of the older age peno s in 
which most of these cases fell. 

6. The endocardium itself w^as lightly infiltrated with ca cium 
salts in i case. 
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7. All the cases showed reduplications. In 2 cases these were 
multiple. In the great majority of cases the reduplications 
were of the flat, dense, elastified variety. Smooth muscle 
was found in one reduplication. 

8. Many of the specimens showed a moderate widening of the 
subendocardium. This consisted frequently of fibrosis, to 
which there was often added a fat cell component. 

9. Infiltration of the subendocardium was generally very mild 
and consisted of l3anphocytes. In the somewhat younger 
cases the infiltration tended to be slightly more conspicuous. 
Two cases showed no infiltration. No subendocardial 
Aschoff bodies were present. 

10. About half the cases showed increase in vascularization 
without distinctive features. 

11. All the cases showed a very marked h3q)ertrophy of the au- 
ricular myocardium. 

12. Inffltration of the myocardial interstitium was even less 
marked than in the previous group. It occurred in approxi- 
mately half the cases and was generally mild and focal. 

13. Fibrosis of the myocardium occurred in about one-third of 
the cases, 

14. The most conspicuous myocardial vascular lesion was con- 
gestion of the capillaries, which occurred in about one-third 
of the cases. For the rest, the arterioles appeared to be 
somewhat h)q)ertrophied and intimal elastification was 
somewhat more frequently found. However, these cor- 
responded to the age period changes to be expected in this 
group. 

1 5. Pericardial lesions were found in only 12 cases and consisted 
of mild scattering of lymphocytes. (Macroscopic pericar- 
ditis, either fibrinous or adhesive, was observed on some 
portion of the entire heart in 4 out of the 20 cases in this 
clinical group.) 

Considered as a whole, this group of cases is notable for the ex- 
treme mildness of infiltrative phenomena, for the absence of Aschoff 
bodies and for the possession of the characteristic, flat, elastified re- 
duplications. 
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Discussion 

Although the blocks of tissue on which this study was made repre- 
sent single specimens from each case cut according to our routine 
procedure and generally without any special effort to include macro- 
scopic lesions, every specimen showed some variety of histological 
lesion that can be reasonably attributed to rheumatic fever. It must 
not be inferred from this, however, that the lesions were always so 
distinctive as to permit a diagnosis of rheumatic fever solely on the 
auricular findings. Particularly in Groups 4 and 5 it is not infre- 
quently difficult to distinguish the essential inflammatory lesions of 
rheumatic origin from the confusing concomitant age period changes. 
On the other hand, in the clinical groups which represented the more 
active cases (Groups i, 2 and 3) the lesions were very varied, gen- 
erally quite conspicuous and presented a sufficient number of indi- 
vidual pathological processes on which it is possible to make a diag- 
nosis of rheumatic fever. These lesions consist of edema and marked 
infiltrations of the endocardium with inflammatory cells, the banded 
appearance of some of these cellular aggregations, the presence of 
eosinophilic swelling of the coUagen, the presence of Aschoff bodies 
in the endocardium, subendocardium and myocardium, the distor- 
tion of the elastic tissue and the widening, hypercapillarization and 
marked infiltration of the subendocardium. To these, furthermore, 
may be added the two important features of capillary penetration 
into the endocardium and the presence of reduplications. A less 
important feature is the presence of scattered and increased smooffi 
muscle elements in the endocardium, together with smooth muscle in 
the reduplications proper. In none of the material examined was 
■ there present a necrosis of the superficial layers of the endocardium 
of sufficient intensity to warrant the term “verrucous change. 
Together with these endocardial and subendocardial lesions these 
first three groups also presented a very high incidence of myocardial 
hypertrophy and interstitial inflammatory cell infiltration. In ap- 
proximately half the cases microscopic section of the left auricle 
showed some pericardial lesion. 

In the more chronic clinical groups (4 and 5) the inflammatoty 
phenomena of the endocardium and subendocardium were present in 
almost every instance, but very much milder. Aschoff bodies oc 
curred in extremely low incidence or not at all (Group 5); the 
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subendocardial inflammatory phenomena were also less frequent and 
milder, as were those in the myocardium and pericardium. On the 
other hand, the almost invariable presence of reduplications, some- 
times multiple, the penetration of capillaries into the endocardium, 
when present, the marked hypertrophy of the myocardium and the 
presence in the majority of cases of some form of pericardial lesion, 
together with the increase and irregularity of the endocardial smooth 
muscle, readily constituted criteria on which to entertain at least a 
suspicion of rheumatic fever. 

Of great interest is a consideration of the differences in the micro- 
scopic lesions between each of the five clinical groups. Certain 
phenomena are observed throughout aU the groups, even though 
usually in different proportions. On the other hand, each group pre- 
sents certain characteristics of its own which are both of a quantita- 
tive as well as of a qualitative value. Thus, active inflammation of 
the endocardium and subendocardium, as well as of the myocardium, 
is generally noted in Groups i, 2 and 3. These inflammations are 
less marked in Group 4 and extremely mild in Group 5. This is true 
for the cellular infiltrations, edema and eosinophilic collagen swell- 
ing. The incidence of small round cell inflammatory infiltration 
shows a rather abrupt decline in Groups 4 and 5 where large mono- 
nuclear cells are more frequently found. As previously noted, pali- 
sades were observed with considerable frequency in Groups i, 2 
and 3. They were infrequent in Group 4 and occurred only once in 
Group 5. The same may be said of the incidence of Aschoff bodies 
which was high in only the first group. Capillary penetration of the 
endocardium is seen in all the groups, being most marked, however, 
in the first four. As noted, inflammatory infiltrations of the sub- 
endocardium occur in all the groups, but are most marked in the 
first three. Increased vascularization of the subendocardium is 
found in all the groups, chiefly in Groups 2, 3 and 4. The incidence 
and t3q)e of pericarditis varies somewhat. It is somewhat similar in 
the first two groups, where it is generally of the lymphocytic or 
fibrinous variety. Organizing pericarditis, however, appears con- 
spicuously in Group 3. The total incidence falls in Group 4 ^-nd 
especially in Group 5. 

Besides the conspicuous difference in the incidence of Aschoff 
bodies, cellular infiltration, palisade formation and eosinophilic 
swelling of collagen, the incidence and types of endocardial redupli- 
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cations constitute the most characteristic difference between each 
of the five groups. Thus, in Group i, lo of the 17 cases showed re- 
duplications usually single and of the embryonal, uncovered variety. 
In Group 2 the incidence is higher (7 out of 10), the reduplications 
are generally single but the type is changed to either the elastified 
or covered variety. In Group 3 multiple reduplications begin to 
make their appearance. The majority of lesions are elastified. Some 
are triple. In Group 4 the reduplications are multiple in approxi- 
mately one-third of the cases; in the majority they are elastified or 
dense and covered. In Group 5 the great majority of the redupli- 
cations are of the flat, dense, elastified variety. It is seen, therefore, 
that the appearance of these reduplications constitutes one of the 
most significant differences in the lesions peculiar to the several 
clinical groups of rheumatic fever. 

In spite of the different histological features of the several clinical 
groups of rheumatic fever pointed out in this report, it must be borne 
in mind that the observations were made on too limited a number of 
cases on which to place complete reliance on the statistics sub- 
mitted, nor indeed is it considered justifiable as yet to attempt such 
fine distinctions in the appraisal of a ^ven case. The observations 
are presented as a suggestive indication for further study and with 
the thought that other associated lesions in the heart and elsewhere 
in the body as a whole may reflect, at least to a certain extent, the 
differences in the reactions of the tissues to rheumatic fever as deter- 
mined by the clinical course of the disease. 

Summary and Conclusions 

Gross and histological observations on the left auricle, based on an 
examination of 87 rheumatic hearts, are described. The material 
is classified into five clinical groups, depending on the course of the 
disease. It is shown that macroscopic lesions of the left auricle occur 
in 80 per cent of the cases and microscopic lesions in 100 per cent. 
In the acute cases the lesions are very sigmficant and characteristic. 
In the chronic cases they are considerably milder and often difficult 
to differentiate from normally occurring histological changes. A 
description is also given of the age period changes of the normal left 
auricle, as observed in 50 hearts. 
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DESCRIPTION OF PLATES 


Plate ioo 

Fig. I. Normal left auricle. Age 3 months. Low power. Weigert’s elastic and 
Van Gieson’s connective tissue stain. 

Arrow indicates division between A, endocardium and B, subendocar- 
dium; C = myocardium. 

Fig. 2. Left auricle from active case of rheumatic fever. Age 18 years. Low 
power. Hematoxylin and eosin stain. 

A = edematous portion of endocardium; B = infiltration of endocar- 
dium with inflammatory cells in banded arrangement; C = markedly in- 
filtrated subendocardium. Note hypercapillarization. D = marked infiltra- 
tion of myocardial interstitium. 

Fig. 3. Left auricle from active case of rheumatic fever (injected specimen). 
Age 12 years. Low power. Hematoxylin and eosin stam. 

A = endocardium infiltrated with small round cells. Note palisade for- 
mations. B = palisade formation of the endocardial Aschoff body type. 
C = considerably widened subendocardium. Note infiltration with in- 
flammatory cells and hypercapillarization with many capillaries oriented 
at right angles to endocardial surface. D = myocardium mth distended 
capillaries, and shows mild interstitial infiltration. 
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Plate ioi 

Fig. 4. Left auricle from active case of rheumatic fever. Age iS 3’^ears. Low 
power. Weigert’s elastic and Van Gieson’s connective tissue stain. 

A = endocardial reduplication of edematous type. Note the small round 
cell inflammatory infiltration of this reduplication and the condensation of 
the elastic lamellae beneath it. B = endocardium markedW infiltrated with 
small round cells. Note edema, stretching and separation of elastic fibers. 
C = markedly inflamed, edematous and widened subendocardium. 

Fig. 5. Left auricle from active case of rheumatic fever. Age 12 3"ears. Low 
power. Weigert’s elastic and Van Gieson’s connective tissue stain. 

A = endocardium showing distortion and condensation of elastic fibers; 
B = condensation of elastic fibers in subendocardium; C = edematous in- 
filtrated subendocardium with h3'percapillarization. 

Fig. 6. Left auricle from active case of rheumatic fever showing multiple re- 
duplications. Age 13 3''ears. Low power. Weigert’s elastic and Van 
Gieson’s connective tissue stain. 

A = older reduplication of embr3mnal covered t3'pe; B = more recent 
reduplication of partiall3’^ covered embr3mnal t3'^pe; C = uncovered portion 
of reduplication; D = endocardium proper showing marked edema, paucity 
of elastic fibers and mild small round cell infiltration; E = considerable 
increase in smooth muscle component of outer third of endocardium. Note 
irregularit3f of smooth muscle bundles, their separation b3' connective tissue 
and F, capillar3' penetration toward middle third of endocardium. G = 
markedh' widened subendocardium with mild small round cell infiltration 
and marked h3'percapillari2ation; H = myocardium. 
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Plate 102 


Fig. 7. Smooth muscle zone in left auricle from active case of rheumatic fever. 
Age 13 years. High power. Masson’s er3rthrosine-saffron stain. Note con- 
siderable increase in smooth muscle cells with irregularity in arrangement. 

A = smooth muscle bundle; B = large amount of collagenous tissue 
between dispersed smooth muscle bundles; C = penetrating capillaries 
oriented at right angles to endocardium. 

Fig. 8. Left auricle from active case of rheumatic fever. Age 15 years. Low 
power. Weigert’s elastic and Van Gieson’s connective tissue stain. 

A = elastified reduplication with suggestion of origin from multiple re- 
duplications; B = inflamed endocardium with capillary penetration to 
middle third; C == considerably widened, inflamed and hj'percapillarized 
subendocardium; D = myocardium. 

Fig. 9. Left auricle from active case of rheumatic fever (injected specimen). 
Age 7 years. Low power. Weigert’s elastic and Van Gieson’s connective 
tissue stain. 

A = irregular coUagenous reduplication with large vascular channels 
and some small round cell infiltration; B = capillary penetration of endo- 
cardium as far as the limiting membrane overlying the inner third; C = 
middle zone of endocardium showing marked elastica distortion and capil- 
lary penetration; D = w'idened subendocardium with hypercapillariza- 
tion; E = myocardium. 
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Plate 103 

Fig. 10. Left auricle from active case of rheumatic fever showing multiple re- 
duplications. .Age 14 years. Low power. Weigert’s elastic and Van 
Gieson’s connective tissue stain. 

A = most recent reduplication, uncovered; B = older collagenous redup- 
lication; C = smooth muscle component in reduplication; D = endocardium 
showing marked small round cell infiltration with stretching and separation 
of elastic fibers; E = penetrating vessels of arteriolar type, in endocardium; 
F = somewhat widened and infiltrated subendocardium; G = myocardium 
with mild interstitial infiltration. 

Fig. II. Left auricle from active case of rheumatic fever. Age 39 years. Low 
power. Weigert’s elastic and Van Gieson’s connective tissue stain. 

A = collagenous covered reduplication; B = endocardium showing 
patchy arrangement of elastic fibers; C = markedly widened subendo- 
cardium with moderate small round cell infiltration; D = new formation of 
subendocardial vessels of the intimal musculo-elastic hyperplastic type; 
E = myocardium. 

Fig. 12. Left auricle from active case of rheumatic fever showing multiple re- 
duplications. Age 49 years. Low power. Weigert’s elastic and Van 
Gieson’s connective tissue stain. 

A = multiple reduplications of endocardium. The reduplication resting 
on the endocardial limiting membrane is of the covered collagenous type. 
The innermost reduplication is of the covered embryonal t3^pe; B = endo- 
cardium; C = m^mcardium showing marked hypertrophy and some vas- 
cular engorgement. 
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I. Historical Review 

Discovered nearly 40 years after the important group of virus 
diseases had been established through the pioneer work of Loeffler 
and Frosch in 1892 on foot and mouth disease, the virus of lympho- 
granuloma inguinale, or the “sixth venereal disease” (Stannus),must 
be regarded as one of the most recent additions to the group of patho- 
genic filtrable viruses. The first report of apparently successful animal 
transmission of the disease, known since its classical description by 
Trousseau in 1865 and excellently described as a clinical entity by 
Durand, Nicolas and Favre in 1913, was made by Darre and Dumas 
in 1921. Two of their 4 rabbits, 24 to 48 hours after inoculation with 
a few drops of pus from the inguinal bubo of a typical case of lym- 
phogranuloma inguinale, into the anterior chamber of the eye, de- 
veloped a slight iridocyclitis, which during the next 8 days pro- 
gressed into a severe purulent panophthalmitis, accompanied by 
severe constitutional symptoms. Cultures of the exudate from the 
eye proved to be sterile and the animals soon completely recovered. 

In the following years (1922—1924) Ravaut and his co-workers 
observed evanescent inguinal buboes in guinea pigs following the 
subcutaneous injection of pus from lymphogranuloma inguinale 
buboes into the region of the groin in a small percentage of their 
cases. They also confirmed the results obtained by Darre and 

* Received for publication April 29, 1935. 
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Dumas in rabbits. Most investigators of this period, however, failed 
to produce lesions in animals and the few apparently positive results 
met with much adverse criticism (Favre, and Hellerstrom and 
Wassen). The diagnostic difficulties which made proper selection of 
true cases of l5anphogranuloma inguinale for experimental purposes 
often impossible may, in our opinion, account for many of the dis- 
couraging results of this period, and we agree with Stannus that 
many of those doubtful results can be regarded as positive in the 
light of later experimental evidence. 

With discovery of the specific diagnostic skin reaction for lympho- 
granuloma inguinale by Frei (1925), naturally most of the diagnostic 
difficulties of the disease were overcome. Shortly after, Hellerstrom 
and Wassen reported successful transmission of the disease to 
monkeys. In 1931 Levaditi, Ravaut, Lepine and Schoen in Paris, 
and Hellerstrom and Wassen in Stockholm, independently described 
a filtrable virus as the causal agent of the disease, both reports ap- 
pearing in the same journal (Compt. rend. Soc. de hioL, 1931, 106) 
only a few pages apart. In the following years Levaditi and his 
associates, as weU as the Swedish workers and many other continen- 
tal scientists, continued investigations of the disease and were able 
to disclose numerous characteristics of the new virus. 

Although the disease has been reported in the United States in its 
various manifestations on numerous occasions and appears to be 
rather common in this country, with its large negro population, the 
fact that comparatively little investigation had been made of its 
causal virus gave us the incentive to study a series of cases occurring 
in New Orleans. We have been able not only to isolate the virus in 
seven instances from excised buboes, but also to preserve its viru- 
lence by passage through animals. The 160 cases of our series, ob- 
served in the short period of 6 months (May-October), were in the 
majority negroes who had lived all their lives in New Orleans or its 
immediate vicinity, the possibility of any being infected with an 
imported virus strain, as observed by Wilmoth, being very remote. 
Our seven endemic strains of the virus have been rather critically 
studied and we wish in this report to record some of the data so 
secured. To facilitate comparison with other isolated strains these 
data will be presented in close correlation with a critical review of 
the literature. 
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II. Sources of Virus Strains Studied 

Table I presents data from the case history of each patient from 
whom we isolated virus strains used in our investigations. 

Table I 


Data on Patients From Whom Virus Strains Were Obtained 


Strain 

No. 

Patient 

Sex 

1 T,- 

1 Race 

Age 

Significant clinical data 

Ferule sore 

Frei reaction 

L 20 

J.J. 

M 

Negro 

yrs, 

29 

Large, bilateral, tender bu- 
boes of 3 weeks duration 
in the ingtiinal region 

None 

observed 

Strongly 

positive 

L 21 

M. D. 

1 

1 

i 

M 

Negro 

1 

Unilateral, firm, fluctuant 
bubo of 6 to 8 weeks dura- 
tion adherent to the skin 
of the inguinal region 

None 

observed 

Strongly 

positive 

L 24 


M 


16 

Unilateral, hard, tender bubo 
of I weeks duration in in- 
guinal region 

None 

observed 

Positive 

L 26 

P. F. 

i 

j 

M 

White 

I 

18 

Large, unilateral, fluctuant 
bubo of I months duration j 
in inguinal region 

None 

observed 

Strongly 

positive 

L 27 

J.J. 

M 

Negro 

! 

16 

1 

i 

Large, firm, unilateral mass 
of 4 weeks duration in in- 
guinal region showing dis- 
tinct fluctuation 

None 

observed 

Strongly 

positive 

L31 

S. B. 

1 

1 


Negro 

23 

Large, tender, fluctuant mass 
of I months duration in 
right inguinal region; burn- 
ing sensation in urethra 
before onset of bubo 

None 

observed 

Strongly 

positive 

L 32 

W. M. 

M 

Negro 

22 

Large, fluctuant mass of i§ 
months duration in in- 
guinal region; bubo ad- 
herent to the skin of 
inguinal region from which 
drained a thick yellow ex- 
udate after surgical in- 
cision 

None 

observed 

Strongly 

positive 


ni. Manifestations in Experimental Animals 

Monkeys, sheep, rabbits, guinea pigs, white mice, chickens and 
frogs were inoculated by various routes with the isolate strains. 
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Characteristic lesions were observed in monkeys, sheep, guinea pigs 
and white mice, while rabbits, chickens and frogs proved refractory 
to the virus. Passage from animal to animal was performed with 
homologous and heterologous species of susceptible animals without 
any difference in the number of “takes” obtained. 

(a) Monkeys: Two Macacns rhesus and 3 common marmosets 
{Hepale penicillata) were inoculated with material derived from 
patient J. J., (virus strain L 20). Rhesus monkey A received intra- 
cerebrally o.i cc. of 20 per cent inguinal gland emulsion prepared 
from material secured by surgical excision; rhesus monkey B re- 
ceived 0.5 cc. of a similar emulsion into the prepuce. The 3 mar- 
mosets were inoculated with o.i cc. of 20 per cent brain emulsion 
obtained from a mouse injected intracerebrally 8 days previously 
with 20 per cent inguinal gland emulsion. 

The rhesus monkeys during 6 months of observation did not show 
any local or general symptoms of disease. The 3 marmosets began 
to show signs of Ulness 5 to 9 days after inoculation. The first char- 
acteristic S)nnptoms consisted of loss of appetite and general muscu- 
lar weakness, soon followed by increased muscular irritability and 
epileptiform convulsions. One to 3 days after onset of symptoms 
paralysis of the extremities was noted, usually appearing first in the 
hind legs. Finally, the monkeys became comatose and died 7, 9 and 
13 days, respectively, after inoculation. Autopsy showed essentially 
slight h)^eremia of the brain and meninges. 

Microscopic study of sections from the brain and cord with their 
meninges showed dense meningeal infiltration with an increased 
cellular exudate. The cell types were mostly young large lympho- 
cytes and large mononuclear cells (monocytes), neutrophilic leuko- 
cytes and plasma cells being distinctly in the minority, but more 
apparent however in the animal that died 7 days after inoculation. 
The meninges of the convex side of the brain and those at the base 
were equally affected, the exudate being especially marked in the 
deep sulci. The meninges of the ventricles showed similar infiltra- 
tion. The nervous elements of the brain and of the spinal cord 
showed no appreciable changes. Some of the ganglia cells near the 
sites of infiltration were slightly pyknotic and appeared somewhat 
shrunken, but no absolute evidence of degeneration could be ob- 
served. The Virchow-Robin spaces of a large number of vessels of 
the brain and of the spinal cord showed dense perivascular, collar- 
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like infiltration with lymphocytes and large mononuclear cells. In a 
future report these pathological findings will be described in more 
detail and compared with changes evoked by other filtrable viruses. 

Antigens prepared after Frei’s technic with 20 per cent infected 
brain emulsion in sterile saline solution gave positive skin reactions 
in patients afflicted with l3Tnphogranuloma inguinale. The advan- 
tages of this method of preparing the antigen for the diagnostic skin 
test have been emphasized (von Haam and Lichtenstein) on previous 
occasions. 

Intracerebral inoculation of 20 per cent saline emulsions of in- 
fected monkey brains in mice produced typical lesions. Transmis- 
sion of the virus to mice could also be effected by intracerebral in- 
oculation of heart’s blood and 20 per cent spleen emulsion from 
infected monkeys, but not by similar injections of liver and kidney 
emulsions. 

Our observations on the manifestation of the virus of lympho- 
granuloma inguinale in the monkey agree, except in few instances, 
with the experiences of the European workers. The difference of 
susceptibility of the various species of monkeys, as stressed first by 
HeUerstrom and Wassen, and Levaditi and co-workers, was weU 
demonstrated in our small series of animals, both rhesus monkeys 
remaining resistant to the virus. Similarly, Findlay succeeded in 
infecting only 3 out of 10 rhesus monkeys. 

Thus far none of our infected monkeys have recovered after show- 
ing signs of the disease, and we were unable to study serum protec- 
tive or virucidal action of such serums as has been done by Findlay, 
Levaditi and co-workers. The presence of the l3Tnphogranuloma 
inguinale virus in other organs than the brain following intracerebral 
inoculation had been previously demonstrated by HeUerstrom and 
Wassen, and Levaditi and co-workers, who were able to transmit 
the disease with heart’s blood and splenic emulsions obtained from 
intracerebraUy infected animals. Levaditi also emphasized the pos- 
sible passage from monkey to mouse and again to monkey. With us 
this has proved an exceUent method of preventing “autosterilization 
of the virus” observed after continuous passage through monkeys 
or kittens. 

None of our animals showed degeneration of the posterior tracts 
of the spinal column with demyelinization of the nerve fibers and 
axis cylinder changes, as reported by Jonesco-Mihaiesti and co- 
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workers. Levaditi and Mollaret in a recent publication believe that 
the changes reported by these Roumanian workers are the results of 
spontaneous lesions described by him and others some years ago. 

Positive Frei reactions with brain emulsions of infected monkeys 
were obtained by Hellerstrom and Wassen, Cohn and Kleeberg, and 
the pathogenicity of unheated brain emulsions for man was demon- 
strated in a single experiment by Levaditi and his co-workers. The 
interesting observation of Bonne and co-workers in Dutch East 
India that heated monkey brain antigen produced in three volun- 
teers typical axillary poradenitis is believed by Stannus to be due to 
faulty technic in antigen preparation and calls for more confirma- 
tion. This we have not been able to do. 

(b) White Mice: Because of the enthusiastic reports of Findlay 
and Wassen, we employed white mice extensively in transmis- 
sion experiments. In the experiments herein reported we made 
use of 345 mice, 85 serving as controls. All animals came from a 
weU known source and were carefully observed in isolation cages 
before use. Intracerebral injections were performed with a very 
fine short needle (26 gauge, | inch), the material injected (inguinal 
bubo pus from human cases or 20 per cent infected brain emulsion 
in saline) never exceeding o.oi cc. For hours after injection most 
animals behaved normally, the incidence of serious traumatization 
of brain substance by injection being negligible. All seven virus 
strains were used in mice experiments and were mostly kept virulent 
by means of numerous animal passages. Strain L 20 was carried 
at the time of presentation of this report through 17 passages; 
strain L 26 through 11 passages; strain L 27 through ii passages; 
strain L 31 through 9 passages; and strain L 32 through 7 passages. 
Strains L 21 and L 24 lost their pathogenicity for mice after the 
3rd passage. With strain L 20 we attempted to determine the most 
advantageous interval between inoculations in order to maintain 
optimum virus virulence. Accordingly, groups of mice were inocu- 
lated at weekly, biweekly, and monthly intervals and the compara- 
tive strength of the virus estimated from the percentage of “takes, 
the time of appearance and severity of clinical symptoms and the 
histological pictures of the lesion produced. Weekly or biweekly 
intervals were found best for virulence-sustaining inoculation, 
monthly intervals generally leading to decrease of virus virulence. 
This can be explained by the fact that only more resistant or less 
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infected animals survive as long as 4 weeks after inoculation with 
the virus; subsequent transmissions from such animals will then be 
made with brain material containing less virus or more immunizing 
substances. We routinely use biweekly intracerebral mouse inocu- 
lations in carrying our strains. 

The incubation period in white mice was characterized by wide 
individual variations. Some of the animals showed symptoms as 
early as 4 days after intracerebral injection, while others were ap- 
parently perfectly weU at the time they were killed for scheduled 
passage of the virus to other animals. Animals that died i to 3 days 
following injection were regularly discarded, as in such cases trauma 
from the injection played too large a factor to allow correct con- 
clusions. In the majority of such cases the animals had shown severe 
shock following injection, with paralysis of one or more extremities 
occurring for several hours. 

The first symptoms attributable to the virus in white mice foUow- 

• « 

mg intracerebral injection were weakness, loss of appetite and 
roughened appearance of the fur; the animals moved slowly and list- 
lessly and lost weight. Later, nervous symptoms became manifest. 
These consisted of muscular weakness with paralysis of the ex- 
tremities, especially the hind legs; epileptiform movements and 
sometimes chronic convulsions occurring in short attacks. The 
typical “encephalitis position,” as described by Fischl and Schaefer 
m experimental herpes encephalitis in mice, was observed in several 
instances. Toward the later stages severe unilateral or bilateral 
conjunctivitis was usually noted, with hemorrhagic exudate cover- 
ing the cornea. Animals showing this symptom complex usually 
died in 3 to 5 days after its onset; none recovered spontaneously. 

Autopsy and histological studies of infected mouse brains showed 
lesions similar to those described in the brains of infected monkeys. 

In all infected mice the typical histological changes could be ob- 
served as early as 4 days after intracerebral inoculation, being inde- 
pendent of clinical symptoms. 

The microscopic picture of the lesion was that of an extremely 
cellular exudate consisting of l3anphocytes and large endothelial 
cells around the vessels of the meninges. In some few cases more 
fibrinous exudate and a larger number of neutrophihc leukocytes 
were noted than were observed in the brains of similarly infected 
monkeys. In animals killed i month after inoculation, without the 
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advent of nervous S3Tnptoms, the infiltration was limited to a more 
or less circumscribed collection of cells, mostly small lymphocytes, 
around the larger vessels of the meninges — so-called “l)miphomas,” 

Except for the very weak virus strains ( L 21 and L 24), we were 
able indefinitely to reproduce the same type of lesions by repeated 
intracerebral inoculations of 20 per cent infected brain emulsions. 
With such infected mouse brain emulsions we were also able to pro- 
duce t5^ical lesions in monkeys, sheep and guinea pigs, but not in 
chickens or frogs. 

The antigenic value of infected mouse brain emulsions, as deter- 
mined by the Frei test, was generally as high as that observed with 
emulsions of infected monkey brains. Spleen and kidney emulsions 
of intracerebrally infected mice also gave positive Frei reactions in 
patients with lymphogranuloma inguinale; such reactions, however, 
were much weaker than the ones produced with brain emulsion 
from the same animals. 

In Findlay’s mice experiments considerable variation in incuba- 
tion time was noted. For his 586 mice that died of fatal meningo- 
encephalitis produced by intracerebral inoculation of lymphogranu- 
loma inguinale virus, the incubation period was between 5 and 94 
days, with an average of 34 days. Contrary to this observation, 
Grace and Suskind report an incubation period of 2, 4 and 7 days 
in their passage experiments with a virus strain isolated in New York. 
Our experience in this respect agrees more with that of Findlay. 
However, with many of our mice no signs of disease were noticeable 
when the animals were killed for routine transmission of virus 2 
weeks after infection. The difference between the results obtained 
by Grace and Suskind, and Findlay and ourselves may be caused 
by varying virulence of the viruses used, a factor stressed by Levaditi 
and his co-workers. Another contributing factor may be the dosage 
of inoculated material. In Findlay’s report no data concerning 
dosage are given. Grace and Suskind injected 0.03 cc. of 20 per cent 
and 40 per cent brain emulsions, which is considerably more than 
the dosage used by us. Although their control animals did not show 
any detrimental effect from this dosage, it is possible that the 
higher degree of traumatization of the brain accelerated the effects 
of the virus. Such combined effects of brain trauma and remote 
inoculation with virus of lymphogranuloma inguinale have been 
reported by Findlay, who obtained localization of the virus in the 
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brain after intraperitoneal injection of the infectious material, the 
brain having been previously traumatized by injection of sterile 
starch solution. In the course of our transmission experiments we 
received the impression that the virulence of some of our strains for 
mice increased with successive passage; our observations, however, 
do not point as strongly in this direction as do those of Grace and 
Suskind. 

The histological picture of the experimental meningo-encephalitis 
produced by inoculation of lymphogranuloma inguinale material 
must be differentiated from the picture of spontaiieous encephalitis 
in white mice, as described in this country by Cowdry and Nicholson. 
In this condition infiltration of the meninges, the perivascular spaces 
of the brain and the subependymal areas with round cells is also 
seen; the type of infiltration, however, is more focal and the cell type 
mostly the small lymphocyte. Cowdry and Nicholson, who de- 
scribed 25 cases of spontaneous encephalitis among 141 stock mice, 
emphasized that the animals showed no symptoms of disease and 
could not be differentiated from healthy ones. They observed 
a protozoan-like parasite similar to the Encephalitozodn cuniculi 
(Levaditi) in brain sections of these animals. In reporting experi- 
ments with white mice Levaditi and co-workers emphasized the 
fact that the virus of lymphogranuloma inguinale, similar to En- 
cephalitozoon cuniculi or the virus of recurrent fever, could remain 
in the central nervous system of white mice without apparently 
harming the animals. We have encountered spontaneous enceph- 
alitis in some of our local mice strains and wish to point to the ad- 
visability of using strains of mice free from or usually quite resistant 
to epizootic encephalitis in studying neurotropic viruses. As addi- 
tional precaution, we considered positive “takes” only such animals 
whose brain emulsions were able to elicit unmistakably positive 
Frei reactions in humans suffering from Ijonphogranuloma in- 
guinale. 

(c) Gtdiica Pigs: Many authors report negative or doubtful re 
suits in transmission experiments with guinea pigs. In contr^t to 
the many discouraging reports, however, Me^^er, Rosenfe ^ an 
Anders recorded nearly 100 per cent success in their guinea pig m 
oculation experiments. They apparently obsen^ed t^q^ical le..ions 
produced by the virus not only in the regional l3Tnph glands ut 
also in the mesenteric glands, lungs, spleen and liver. Nico au. 
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likewise, reported such generalized infection of guinea pigs with the 
virus. He and Findlay, however, sound a warning that spontaneous 
lesions in guinea pigs caused by infection with Pasteurella pseudo- 
tuberculosis may be mistaken for lesions of experimental lympho- 
granuloma inguinale. In these views we fully concur as a result of 
our own experiences. 

Fourteen guinea pigs were inoculated wdth infected mouse brain 
emulsions (strain L 20). Each animal received o.i cc. of 20 per cent 
organ emulsion subcutaneously in both inguinal regions. The slight 
infiltration following injection disappeared completely after a day. 
After intervals of from 4 to 8 days, 5 of the inoculated animals 
developed palpable enlargement of the inguinal glands. These ani- 
mals were sacrificed and their inguinal regions exposed. The lymph 
glands were markedly enlarged and of a dark reddish gray color. 
Surfaces of the swollen glands revealed by sectioning showed small 
yellow areas suggesting microscopic abscesses. The periglandular con- 
nective tissue was injected, the l)Tnph vessels clearly visible. The 
disease process was always localized in the inguinal glands and no 
generalized infection, as described by some continental authors, 
could be observed. Microscopic pictures of the glands showed 
marked proliferation of the endothelial cells with some giant cells 
present, together with infiltration with polymorphonuclear leuko- 
cytes in the form of small cell collections resembling the microscopic 
abscesses so typical of inguinal buboes seen in human lympho- 
granuloma inguinale. Our few attempts at transmitting the disease 
by means of glands of such infected guinea pigs to other animals 
have so far failed. 

(d) Other Animals: Although greatest success is obtained in trans- 
mission experiments by the use of monkeys and white mice, numer- 
ous other species of animals can be infected with the virus of lym- 
phogranuloma inguinale. Freund and Reiss, and Chevallier and his 
co-workers report successful transmission to rabbits by intracerebral 
inoculations. On the other hand, Findlay obtained negative results 
with 16 rabbits injected subcutaneously in the groin region and 
similar negative results following infection by the intracerebral 
route. He concludes, however, that the virus may remain virulent 
in the central nervous system of rabbits for at least 10 days. 
Levaditi, Ravaut, Schoen and Vaisman successfully infected cats, 
Nicolau and Findlay, dogs. In the brains of field moles the virus 
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retains its virulence for white mice for 30 days without apparently 
harming the intermediate host. 

We inoculated 2 sheep (mother and young) intracerebrally with 
0.5 cc. of a 20 per cent pooled brain emulsion of infected mice. The 
lamb died after 5 days. Histological studies showed typical menin- 
go-encephalitis. Twelve young chickens (white Leghorn) inoculated 
intraperitoneally and intracerebrally with a very infectious pooled 
mouse brain emulsion remained S3Tnptomless with no demon- 
strable histological lesions. White mice, however, injected intra- 
cerebrally with such infected chicken brain emulsions showed typical 
meningeal reactions, while control mice injected with normal chicken 
brain emulsions ’ showed no clinical or histopathological changes 
whatsoever. This shows, as previously pointed out by Findlay, that 
the virus is able to survive in the chicken brain for some time 
without losing its virulence. Eight frogs {Rana catesbiana and Rana 
pipiens) inoculated with infected mouse brain emulsions showed no 
symptoms of disease or histopathological changes in their central 
nervous systems. Mice inoculated with infected frog brain emulsions 
remained S3mip tomless and showed no histological changes. 

IV. Cultivation of the Virus 

All early attempts at cultivating the virus of lymphogranuloma 
inguinale failed (Stannus). In 1931 Langer, in discussing a paper by 
Levaditi on this subject, reported apparently successful cultivation 
of the virus in S3Tnbiosis with cell cultures. Of 19 guinea pigs inocu 
lated by him with the second to fifth subcultures of the virus, 10 
showed the typical lesions of human lymphogranuloma inguinale, 
in 4 the histological lesions were “doubtful,” and 6 showed no 
changes or only a non-specific inflammatory reaction. Seven contro 
animals showed no histological changes or only non-specific inflam 
matory changes. The virus cultures did not give positive skin r^c 
tions with patients suffering from the disease. Langer concede t at 
the latter factor and the uncertainty concerning the histopat 0 o^ 
of l3anphogranuloma inguinale in the guinea pig consi era y 
restricted the scientific value of his results. In 1935 ^ 

ported cultivating the virus of lymphogranuloma inguina e m e 
medium devised by Maitland and co-workers for the cultivation o 
vaccinia. From 0.02 cc. to 0.03 cc. of diluted pus secured rom an 
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inguinal bubo inoculated into 7 cc. of Tyrode solution containing a 
small piece of fresh liver or kidney from guinea pigs produced, after 
incubation from 36 to 48 hours, a peculiar cloudiness of the medium 
which was transmissible and could be carried on through as many as 
twenty-four subcultures. With such heated cultures Tamura was 
successful in eliciting positive Frei reactions in patients suffering 
from lymphogranuloma inguinale. 

Applying Tamura’s method, o.i cc. of 20 per cent infected mouse 
brain emulsions were placed in sterile test tubes containing 10 cc. of 
Tyrode solution and approximately one-third of the kidney of a 
rabbit starved for 24 hours before death. The medium was usually 
prepared the day preceding inoculation and incubated for 12 hours 
to insure sterility. Two to 3 days after inoculation a distinct cloudi- 
ness appeared in the tubes inoculated with infected material, while 
control tubes remained dear. From the second and the third sub- 
cultures mice were inoculated intracerebrally with o.oi cc. of the 
cloudy fluid. They developed the characteristic histopathological 
changes previously described. Mice inoculated with material from 
control tubes 8 days after inoculation showed no signs of any menin- 
geal reaction. Examination of the cloudy Smith-Noguchi-Maitland 
tubes failed to show bacterial growth. The dilution of the primary 
mouse virus in the second subculture was i : 10,000. We offer this 
result as prehminary confirmation of Tamura’s work, believing that 
the characteristic meningo-encephahtis produced in white mice after 
inoculation of culture material must be regarded as more convincing 
proof of cultivation of the virus of lymphogranuloma inguinale after 
Tamura’s method than his own evidence derived from guinea pig 
experimentation . 


V. Summary and Conclusions 

1. Seven endemic strains of the virus of lymphogranuloma in- 
guinale have been isolated and transmitted to animals. 

2. Intracerebral inoculation of infectious material produced a 
typical meningo-encephahtis in the common marmoset while the 
rhesus monkey proved resistant to such inoculations. 

3. The virus could readily be transmitted to white mice, biweekly 
inoculations allowing upkeep of its maximal virulence. 

4. Brain emulsions of infected monkeys and mice act as excellent 
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stable and sensitive antigens for the specific diagnostic intradermal 
reaction of Frei. 

5. Twenty-eight per cent of infected guinea pigs showed enlarge- 
ment of the regional lymph glands with histological lesions con- 
sistent with the disease. 

6. Experiments with sheep, chickens and frogs indicate that the 
virus can infect sheep; that its virulence can be preserved in the 
brains of chickens; and that frogs cannot be infected. 

7. Cultivation of the virus after the method of Tamura was 
possibly confirmed. 

8. The virus of lymphogranuloma inguinale, as encountered en- 
demicaUy in the poorer negro population of Louisiana, shows rather 
identical behavior concerning animal transmission as the virus 
strains studied in other parts of the United States and abroad. 
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DESCRIPTION OF PLATES 


Plate 104 

Fig. I. Intracerebrally infected monkey Complete paraly- 

sis with convulsions 9 days after inoculation. 

Fig. 2. Meningo encephalitis in infected monkey (Eepale penicillala). Dense 
infiltration of meninges with small round cells. Hematoxylin-eosin stain. 
X 120. 
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Plate 105 

Fig. 3. Intracerebrally infected white mouse. Severe paralysis with convul- 
sions II days after inoculation. 

Fig. 4. Meningo-encephalitis in white mouse. Focal infiltration of meninges 
with round cells (“lymphoma”). Hematoxylin-eosin stain, x 120. 





Plate io6 

Fig. 5. Meningo-encephalitis in white mouse. Perivascular round cell infiltra- 
tion of Virchow-Robin space of the brain. Hematox\din-eosin stain, x 450. 

Fig. 6 . Subcutaneously infected guinea pig. Enlargement of regional glands 
8 days after inoculation. 
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Plate 107 

Fig. 7. Acute bubo in guinea pig. Numerous endothelial cells and polymorpho- 
nuclear leukocytes. Hematoxylin-eosin stain, x 120. 

Fig. 8. Cultivation of the virus after Tamura. Note the cloudiness of the 
inoculated Maitland media. 
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RHABDOMYOSARCOMA OF THE PROSTATE * 

F. H. Foucar, Lt.-Col. M.C. 

(From the Laboratory Service of the Walter Reed General Hospital, Washington, D. C.) 

« 

Tumors arising from striated muscle are rare. When such tumors 
are composed of well differentiated striped muscle the growth is 
classified as a rhabdomyoma. Rhabdomyomas are usually benign, 
sharply circumscribed and of developmental origin. Malignant 
rhabdomyomas (rhabdomyosarcomas) are composed of undifferen- 
tiated striped muscle. Atypical striped muscle cells may form a part 
of malignant teratoid tumors arising in the kidney, testis, ovary 
and sacral region. Approximately 50 per cent of the pure type of 
rhabdomyosarcomas occur in the genito-urinary tract. 

Like other malignant neoplasms arising from mesenchyme, rhab- 
domyosarcomas metastasize by blood stream and regional lym- 
phatics and give early lung and bone involvement. The prostate 
presents excellent opportunity for blood stream seeding by way of 
the venous plexi beneath the capsule. The malignancy of rhab- 
domyosarcoma, as of all newgrowths, is in inverse ratio to the de- 
gree of differentiation of the tumor cells. 

Malignant rhabdomyomas primary in the prostate are rare. 
Ewing ^ cites 3 cases, all occurring in young adults. Stout ^ mentions 
I case of malignant rhabdomyoma reported by Kretschmer. Kret- 
schmer ® in his article, “Sarcoma of the Prostate,” presents i case of 
rhabdomyosarcoma, age 31 years. Examination of tissue removed 
at operation was diagnosed as rhabdomyosarcoma by Dr. A. S. 
Warthin, of the University of Michigan. 

De Rom and Thomas ^ state that 36 per cent of prostatic sarcomas 
are of the round cell type and 20 per cent of the fusiform cell type, 
the 44 per cent remaining include myxosarcomas, lymphosarcomas, 
angiosarcomas, fibrosarcomas, leiomyosarcomas and rhabdomyo- 
sarcomas. They quote Ewing as follows: “The only well defined 
variety of prostatic sarcoma is the rhabdomyosarcoma. In the case 
of rhabdomyosarcoma reported the patient was 23 years of age. 
The article is well illustrated. 

* Received for publication April 15, 1935- 
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Culver ^ collected 59 cases of prostatic sarcoma from the literature 
and added 17 more. These 76 cases include 24 of the round cell type, 
17 of the spindle cell type, 8 myxosarcomas, 5 lymphosarcomas, 
4 rhabdomyosarcomas, 3 angiosarcomas, the remainder being un- 
differentiated. The case he reports is of the large round cell type. 

Greig ® reported a case of rhabdomyosarcoma of the prostate in a 
child aged 4 years. Initial incontinence was unaccompanied by pain, 
but pain developed later during micturition. A suprapubic cystos- 
tomy was performed and “a large fungating tumor, size of Tanger- 
ine orange, found.” The patient died 10 days after operation. The 
microscopic diagnosis was rhabdomyosarcoma. 

Katzmann ’ published an article on malignant rhabdomyoma of 
the prostate in a child. He cited 30 cases of prostatic sarcoma re- 
ported up to the time of his article, among which there were 3 cases 
of malignant rhabdomyoma. His conclusion is that while sarcoma of 
various types may occur at any age, rhabdomyosarcomas are con- 
fined to childhood. This conclusion is not borne out by the findings 
of other observers. 

The records of the Walter Reed General Hospital * include one 
sarcoma of the prostate occurring in a white male aged 31 years. 
Microscopic examination of the tissue removed at operation showed 
a spindle cell tmnor, the cells arranged in interlacing bundles. The 
diagnosis was malignant fibrosarcoma. 

References to prostatic sarcoma, type not classified, are numerous. 
All articles on this subject stress the rarity of the condition, its oc- 
currence during youth and the rapidity of the course. A prostatic 
sarcoma has a soft, balloon-like feel. Tenderness is frequently 
absent. Heaver ® very aptly states that by the time the patient 
seeks medical advice the tumor will have reached considerable size, 
almost completely filling the pelvis. The bladder is pushed up and 
forward, the bladder wall not invaded. Cystoscopic examination is 
only valuable in demonstrating an extravesical mass with elevation 
and distortion of the trigonal area. Boyd ® brings out the difficulty 
in differentiating sarcoma from a highly anaplastic carcinoma. In 
the differential diagnosis between sarcoma and carcinoma of the 
prostate it is important to stress the wide difference in age incidence, 
rapidity and size of growth, and degrees of firmness and tenderness 
on palpation. The prostatic cardnomas are hard and nodular; the 

* Walter Reed General Hospital, Washington, D. C., Reg. No. 53695. 
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sarcomas are larger and elastic to the touch. Residual urine is usual 
in prostatic carcinoma and not generally present in sarcoma.^° 
Carcinoma of the prostate is frequently encountered while sarcoma 
is relatively rare. The bone metastases in carcinoma of the prostate 
are primarily of the pelvic girdle and are of the osteoplastic type; in 
sarcoma of the prostate the bone metastases are general and are of 
the osteolytic type. Multiple pulmonary metastases suggest sarcoma. 

The prognosis and treatment of sarcoma of the prostate link 
themselves with the degree of anaplasia, applicable to malignant 
neoplasms in general. 

Briefly reviewing the anatomy of the prostate the prostate 
normally measures 4 cm. transversely at base, 2 cm. in its antero- 
posterior diameter, and 3 cm. in its vertical diameter. Its weight is 
about 8 gm. It is located around the commencement of the male 
urethra, below the urinar)’’ bladder and presents thirty to fifty 
compound tubulo-alveolar glands located in the lateral lobes. 
These glands empty by from sixteen to thirty-two excretory ducts, 
opening into the urethra along the grooves on either side of the 
colliculus seminalis. The prostatic acini have no distinct basement 
membrane. The interstitial tissue is abundant and represents more 
than one-half the entire mass of the organ. The interstitial tissue is 
composed of connective tissue, elastic network and abundant smooth 
muscle arranged in strands. That portion of the prostate lying be- 
hind the pubic bone is represented by a wedge-shaped section, whose 
apex is directed toward the anterior wall of the prostatic urethra. 
This wedge-shaped section lies between the two lateral lobes and is 
composed of dense connective tissue traversed by bands of striped 
muscle fibers. The fibromuscular stroma of the prostate includes 
large blood vessels and large sympathetic trunks and ganglia. The 
veins form a plexus beneath the capsule. A primary newgrowth of 
the prostate may, therefore, arise from any of the above structures, 
starting from tissue derived from any of the three cell layers of the 
primitive embryo. 

The following case is reported as being typical of prostatic sar- 
coma. The age of the patient, the subjective and objective climca 
findings, the clinical course, termination and autopsy findings, a 
are true to this type of malignancy of the prostate. The micro 
scopical examinations further differentiated the neoplastic process 
as a malignant rhabdomyoma. 
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Report of Case 

Clinical History: G. R. M., a white male carpenter, 26 years of age, bom in 
Indiana, was admitted to the Letterman General Hospital Aug. 12, 1933. 
The family history was irrelevant. He had the “usual childhood diseases” and 
t5phoid fever during early adolescence; denied venereal infection and the use 
of alcohol. 

Present Illness: Two weeks prior to admission to the hospital the patient, a 
member of the Civilian Conservation Corps, noticed a burning sensation in the 
urethra. He became unable to void and was catheterized. It was only necessary 
to catheterize once, as after passage of the catheter the patient developed fre- 
quency of urination and felt as though he were improving. At this time he 
noticed a bloody discharge from the external meatus. He was transferred to the 
Letterman General Hospital. On admission he complained of no subjective 
symptoms. 

Physical Examination: This revealed a greatly enlarged prostate, soft and 
compressible. The diagnosis of the ward surgeon was prostatic abscess com- 
plicated by rupture into the ampulla of the rectum. A blood culture was sterile. 

Laboratory Bata: Blood chemistry showed urea nitrogen 96 mg., and creat- 
inine 2 mg. per 100 cc. Urine examinations showed a heavy trace of albumin, 
many pus and red blood cells. Wassermaim negative. 

Course of Illness: On September 7th cystotomy was performed. The prostate 
was found to be extremely large and soft, protruding into the lumen of the 
bladder over the trigonal area. An attempt was made to find the suspected 
abscess without result. The patient died Sept, ii, 1933. 

The course of the case, from the onset of the first subjective symptom (ure- 
thral burning) until death, was only 44 days. The autopsy findings are so 
generalized and massive that it is not fair to assume that the exploratory cys- 
totomy hastened death. 


Autopsy Findings * 

The body is that of a white male, 26 years of age, 165 cm. in 
length, weighing approximately 50 kg. (no pounds). Moderate 
emaciation is present. There is massive neoplastic infiltration of the 
left, deep cervical lymph nodes which push the larynx and trachea 
to the right. The thyroid weighs 23 gm. and presents one small 
metastasis. The posterior bronchial and hihim nodes, bilateral, are 
massively infiltrated. Both lungs present sharply outlined nodules, 
varying in size from 0.5 to 2 cm. in diameter, located beneath the 
pleural surfaces of all lobes. The outer surfaces of these nodules are 
flattened, smooth and of mushroom shape. The cut surfaces of the 
lungs present many metastatic nodules located throughout the cor- 
tical portion of all lobes. The heart is free from metastatic involve- 
ment. There is no peritoneal involvement. The fiver weighs 2324 

* Autopsy No. 1367, Letterman General Hospital, San Francisco, Calif. 
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gm.; its surface is studded by circular, slightly raised areas from 
0.5 to 2 cm. in diameter. The cut surface of the liver presents a few 
spherical nodules. As no X^rays had been taken, only the more mas- 
sive bone metastases are noted, osteolytic in type, including two of 
the calvarium and one replacing the body of the twelfth dorsal ver- 
tebra. The kidneys show the picture of a chronic, suppurative 
(ascending) pyelonephritis, more advanced in the left kidney. The 
spleen weighs 342 gm. and is of the septic type. 

The urinary bladder shows an operative incision through the 
antero-inferior wall closed by interrupted catgut sutures, excepting 
the upper angle which admits a rubber tissue drain into the bladder 
lumen. The bladder wall is contracted, the mucosa presenting a 
hemorrhagic, ulcerative reaction. The ureteral orifices are obscured 
by hemorrhage and edema of the surrounding mucosa. The trigone 
is replaced by a large, soft, pale pinkish gray mass, the summit of 
which shows a transverse laceration (made at the time of exploratory 
cystotomy). 

The prostate is ii cm. in diameter. The anterior and lateral 
aspects of the prostatic mass are relatively firm and their cut surfaces 
are pinkish gray, smooth and homogeneous. The posterior aspect is 
necrotic, reduced to a grayish brown substance showing central 
liquefaction. The. newgrowth replaces the entire prostate and has 
destroyed the seminal vesicles and ampullae of the vasa deferentia, 
and infiltrates the rectovesical space, fungating through the adjacent 
wall of the rectum. The rectum wall presents a circular orifice with 
a necrotic edge. The prostatic urethra is elongated, its lining surface 
necrobiotic, the normal markings obliterated. The lyirtph nod^ 
lying upon the external iliac vessels are greatly enlarged, on the ng t 
side forming a globular mass 4 by 6 cm. The infiltrated nodes are 

soft and necrobiotic, . . 

Microscopic Appearance of the Newgrowth: The tumor is ex^eme y 
cellular, composed of spindle cells with large oval nuclei an sma 
nucleoli. The cell outlines are poorly marked. Mitotic figures are 
numerous and atypical: There are many areas of hemorr age.^ n 
the lung the newgrowth fills the lumens of theaveoli and exten s in o 
the lumens of the veins. The rapidity of this growth is s own in 
liver metastases where the death of the invaded paren }^a oes 
not keep pace with the neoplastic infiltration. Care u stu y o 

cell morphology of the newgrowth presents: (<z) scattere ce , 
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composed of more highly differentiated cells presenting varying 
amounts of acidophilic cytoplasm with sharp cell outlines; (b) spindle 
cells, the acidophiUc cytoplasm of which shows both cross and longi- 
tudinal striae; (c) large, round, oval and giant cells presenting weU 
differentiated striae, both cross and longitudinal, massed in the 
periphery of the cell body; (d) large cells showing an unstained peri- 
nuclear zone crossed by fibrils, producing a spider-hke appearance. 
The illustrations reveal the minute architecture of the more highly 
differentiated cells, malignant variants of striped muscle. 

Conclusions 

Prostatic sarcoma is rare but its possibility must be considered 
when there is prostatic enlargement, even in adult life. The differ- 
ential diagnosis between sarcoma and carcinoma of the prostate is 
made by rather wide differences: (a) in age incidence; (&) in rapidity 
of the growth; (c) in consistence of the growth; (d) by the absence or 
presence of local tenderness; and (e) by the location and character 
of the bone metastases. 

Among the various types of sarcoma encountered, rhabdomyo- 
sarcoma offers cell detail clearly denoting the parent cell from which 
the growth originated. 

Note: I desire to express to the Curator of the Army Medical 
Museum my appreciation of the splendid results obtained in taking 
the photomicrographs. 

Dr. Arthur Purdy Stout of Columbia University was kind enough 
to express his opinion regarding this case. 

REFERENCES 

1. Ewing, J. Neoplastic Diseases. W. B. Saunders Company, Philadelphia, 

1928, Ed. 3, 234-239, 832. 

2. Stout, A. P. Human Cancer. Lea and Febiger, Philadelphia, 1932, 469" 

470. 

3. Kretschmer, H. L. Sarcoma of the prostate. J. Urol., 1926, 16, 301-305. 

4. De Rom, F., and Thomas, M. Sarcome de la prostate. Ann. el bull. Soc. 

roy. de nied. de Gand, 1931, 10, 144-152. 

5. Culver, H. Sarcoma of the prostate. J. Urol., 1925, 14, 47~SS- 

6. Greig, D. M. A case of rhabdo-myosarcoma of the prostate in a child aged 

four years. Brit. J. Child. Dis., 1908, 5, 185-189. 



RHABDOMYOSARCOMA OF PROSTATE 759 

7. Katzmann, Kurt. Beitrag zur Kenntnis von malignen Rhabdomyomen der 

kindlichen Prostata. Frankfurt. Ztschr.f. Path., 1931, 4, 297-305. 

8. Deaver, J. B. Enlargement of the Prostate. P. Blakiston’s Son & Co., 

Philadelphia, 1922, Ed. 2, 147. 

9. Boyd, William. Surgical Patholog}\ W. B. Saunders Company, Phila- 

delphia, 1929, 521. 

10. Keyes. E. L. Urology. D. Appleton Company, New York, 1928, Ed. 10, 

384- 

11. Gray, H. Anatomy of the Human Body. Lea and Febiger, Philadelphia, 

1924, 1261-1263. 

12. Maximow, A. A., and Bloom, William. Text Book of Histology. W. B. 

Saunders Company, Philadelphia, 1930, 623-625. 



DESCRIPTION OF PLATES 


Plate io8 

Fig. I. Lung metastasis showing a fusiform cell presenting cross and longi- 
tudinal striae and larger cells showing perinuclear rarefaction. Hema- 
toxylin-eosin. x 2160. 
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Khabriomyo?arcoma of Prostate 



Plate 109 

Fig. 2. Lung metastasis showing giant cells with deep rims of striated cyto- 
plasm and larger giant cells of spider type. Hematoxylin-eosin, x 2160. 
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AN ANENCEPHALIC MONSTER WITH “RHINODYMIE” AND 

OTHER ANOMALIES * 

Samuel B. Broder, M.D. 

{From the Hull Laboratory of Anatomy, University of Chicago, and the Department 
of Netiropsychiatry, College of Medicine, University of Illinois, Chicago, III.) 

This report concerns an anencephalic monster with “Rhino- 
dymie” (duplication of the nose and mouth), spina bifida and dia- 
phragmatic defects associated with malposition of the viscera. 

Anencephaly, a not infrequent malformation of the nervous sys- 
tem, is characterized by the absence of both cerebral hemispheres 
and usually a dark red mass of vascular tissue replacing the cal- 
varium. 

Scientific approach toward the problem of monsters began as early 
as the seventeenth century and became especially prominent in the 
eighteenth century. 

In the early part of the nineteenth century Meckel suggested that 
monsters might be explained on an embryological basis. Then there 
followed a period during which pressure and other mechanical factors 
were looked upon as causative agents; in later years chemical fac- 
tors were blamed. Later, von Recklinghausen attributed anen- 
cephaly to arrested closure of the primitive neural groove, a view 
generally accepted at present. Today the question may be raised 
whether teratogenesis can be explained on such environmental or 
hereditary bases. Jordan postulated that the development of mon- 
sters is the result of both heredity and environment and said, 
“. . . perfect development would require that both be perfect. Vari- 
ous degrees of imperfection or unfavorableness, in either or both, 
result in the endless degree of variations, anomalies, malformations, 
and monstrosities.” 

Naiiagas, who studied 57 cases of anencephaly (43 females and 12 
males, and 2 of an undetermined sex), found that in comparing 
body dimensions of normal with anencephalic fetuses the latter a 
a characteristic growth rate disturbance which resulted in body pro 

* Read before the Chicago Pathological Society, January 14, 1935- 
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portions that were almost constant for all anencephahcs. He con- 
cluded that some factor during intra-uterine life caused the body to 
assume abnormal proportions, but once these were assumed the 
body resumed its normal growth. 

Experimental embryology has contributed evidence in regard to 
the factors in the production of monsters. Particularly significant 
are the experiments of Stockard, Child, and their students, on the 
effects of anesthetics on the developing embryo. Child’s gradient 
hypothesis, originally introduced in 1915 and referring to the fact 
that organs which are developing most rapidly at the time of inter- 
ference suffer most, is still valid. 

Anomalies of the endocrine glands are frequently found in mon- 
sters but the exact relationship is not understood. Mattina re- 
ported 3 cases of anencephaly with changes in the endocrine glands 
and concluded that thyroid deficiency is in part responsible. Al- 
though normal suprarenals in monsters were reported by Barlow, 
Browne is of the opinion that the adrenals may be entirely absent 
in anencephaly. According to him the zona fasciculata, which in 
the fuU term infant represents only a small fraction of the total 
cortex, may be as broad in the anencephalic as in the adult. He con- 
cludes that the latter results are due either to a failure of develop- 
ment or to the destruction of the pituitary body. 

Ettinger and MiUer found adrenals absent in only 2 of their 9 
cases. In the cases where they were present the disturbance was 
confined to the cortex, the meduUa appearing normal microscopic- 
ally. Only 8 of the 9 cases studied had an anterior lobe of the 
pituitary body, and of those only 3 showed a pars nervosa. Joseph- 
son and Waller reported similar findings. 

Kohn found the pituitary present in all of ii fetuses but in none 
was it normal. The pars anterior was invariably present, the pars 
intermedia absent and the pars posterior was found in only 3 cases. 
He concluded that the small adrenals were a direct result of the 
malformation of the hypophysis. 

Kiyono in 1925 found the pituitary gland in only 7 of n fetuses, 
and of these only 3 had a pars posterior. The adrenals weighed 
under i gm. 

In 1919 Hofstatter demonstrated a definite increase in the size 
of the adrenals after pituitary injections. 

The incidence of monsters is not' definitely known. According to 
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Bean, of every 100 pregnancies 80 end in normal births, 7 are 
aborted as pathological ova, 12 are aborted as embryos or fetuses 
showing various degrees of abnormality, and i pregnancy results in 
a monster. Tracy quotes Spangler, who studied 11,521 births 
and reported the incidence of anencephaly as i in every 900, or 
approximately o.i per cent. 

Exact data on the frequency of anencephaly in families are not 
available. A few illustrative cases may be quoted from the litera- 
ture. Jensen reported multiple births of monsters in a para IX. 
The first was a 5I month fetus with spina bifida; then 3 normal 
pregnancies occurred, followed by a full term infant with spina 
bifida which lived only 82 days; then a normal pregnancy which 
was followed by a full term stUlbom infant with spina bifida; the 
eighth was a full term child who had a meningocele and internal 
hydrocephalus, and the last was a stfilbom anencephalus, 

Thoms reported 3 anencephalic births in the case of one woman. 
Anencephaly is rare in twins. Thompson described a case of twins 
in which one was anencephalic. Still less frequent are conjoint 
anencephalic monsters. Mudaliar described an anencephalic thora- 
copagus dibrachius dipus. There is no mention in the literature, 
however, as far as I could ascertain, of anencephalic separate twins. 

Report of Case 

Clinical History: A negress, aged 30 years, para II, gravida III, had labor 
duced after a diagnosis of polyhydramnios had been made. Two days aftenror 
the membranes ruptured spontaneously, and 5 hours later she was delivered 0 
an anencephalic female monster. Five minutes after the birth a normal p acenta 
was delivered. The membranes and cord were also normal. • i, j 1 

The anencephalic monster, delivered by head presentation, weig ® ^3 

pounds. It began to breathe spontaneously; the pulse rate was 124 an e 
respiratory rate 30 per minute. One hour and eight minutes after e ivery 1 
died and the body was then placed in formaldehyde. Autopsy was no per 
formed for 3 weeks. 

Autopsy Report 

The body was that of a full grown anencephalic monster delivered 
at term. The calvarium was missing and a hemorrhagic soft rnem 
brane, known as area cerebrovasculosa, was present, extending^ rom 
a region just above the eyes to a level corresponding to the occipi a 
protuberance. This meningocele measured 63 nun. transverse y, 
62 mm. midsagitally and 45 mm. from base to tip. The remam er 
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of the scalp was covered with hair. The right eye seemed to be well 
within its socket and measured 17 mm. in width, while the left eye 
had a narrow upper lid which was proptosed and measured 22 mm. 
in width (Fig. ia). The proximal part of the bridge of the nose was 
missing, being replaced by a membrane which extended from the 
hemorrhagic membrane which replaced the calvarium. The right 
nostril was covered by a hump-like soft structure, while the left was 
almost fiat. The width between the outer surfaces of the alae nasi 
was 25 mm., while that between the inner surfaces was 16 mm. 
The right nostril was oval, its diameter being one-third of that of 
the left, which was cleft-like and measured 7 mm. The region of the 
nasal septum was depressed and continuous with a groove running 
down a median elongation of the upper lip, which was fused with 
the lower lip on the left side only (Fig. ia). It formed the median 
boundary of a blind oval pouch. Two apertures were thus en- 
countered: on the right a triangular-shaped one (the true mouth) 
13 mm. wide, leading into the oral cavity; and on the left a slit-like 
aperture which led into a blind pouch 12 mm. deep (the false 
mouth), which had no communication with the oral cavity and was 
only 3 mm. wide. Thus, there was a complete right and an incom- 
plete left harelip. The ears were grossly normal. 

The neck was absent. The chest and abdomen appeared normal 
anteriorly, but posteriorly (Fig. ib) there was a depression in the 
region of the third lumbar vertebra about 28 by 23 mm. in diameter 
which was covered by a thin dark skin. In the center of the depres- 
sion was protruding a round soft mass of tissue about 13 mm. m 
diameter. The external genitalia and extremities appeared normal. 

After the soft spongy wall of the meningocele was reflected, fi- 
brous tissue and blood clots were encountered. No trace of cerebrum 
or cerebellum could be made out. Of the cranial nerves, the right 
optic and both infra-orbitals were recognized; on microscopic ex- 
amination I was able to make out the left optic and the seventh 
and eighth nerves. The medulla oblongata was intact. 

A section from the meningocele showed it to be made up of large 
cells with foamy or vesicular cytoplasm and a small, round or oval 
eccentric nucleus. A section from the brain site consisted of hemor- 
rhagic connective tissue in which blood vessels, smooth muscle and 
nerve tissue elements were easily discerned. It was lined with 
cuboidal epithelium over vascular papillary projections — all re- 
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sembling the choroid plexus. Nothing that could be identified as 
hypophysis was found. 

The muscles of the right eye were degenerated and so distorted 
that none could be made out. The e3’^eball, when cut open, revealed 
practically no retinal tissue but only a lens with a strip of tissue 
attached to it. The left eyeball with its muscular attachments was 
poorly preserved and a section of it showed all eye structures to be 
well developed except for the iris and ciliary body. The retina was 
completely detached and thrown into folds — probably an artefact. 
The optic nerve was normal, though the demarcation between the 
nerve bundles and the interstitial septa was not plain. There were 
numerous hemorrhages within the eye tissues but these were most 
likely due to postmortem changes. 

The internal acoustic meatus was 5 by 5 mm. on the left and 
4 by 4 mm. on the right. The auricles, external canals, Eustachian 
tubes and antrums were normal. Microscopic examination of the 
right ear showed the cavum tympani to be apparently normal. The 
malleus, incus and one crus of the stapes were intact. The membrana 
tympani as well as the stapedius and tensor tympani muscles ap- 
peared normal. The inner ear showed the vestibule, saccule, utricle 
and the semicircular canals to be normal. The cochlea was egg- 
shaped and the modiolus rudimentary. The internal auditory 
meatus was larger than normal and in the region of the crista trans- 
versa there was a deficiency of bone. All the neuroepithelium re- 
vealed extensive postmortem changes, precluding a more exact 
diagnosis. 

The left ear showed an apparently normal cavum tympani and 
drum membrane. The malleus and incus were present. The inco- 
stapedial joint was made out; the stapedial head, however, did not 
join the crura, nor was there a normal footplate. The posterior joint 
was present as well as the seventh nerve ; the eighth, however, was 
greatly distorted. Both middle ear muscles were present. The 
stapedius muscle did not join the stapes. The inner ear showe , 
aside from the three canals, a peculiar short vertical canal anterior 
to the vestibule and above the level of the cochlea. Its connection 
could not be determined. The saccule and utricle could not be 
identified. The vestibule contained in part a very vascular nerve 
tissue. The round window appeared intact; the cochlea was ova m 
section and the modiolus was deficient. The interna au ory 
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meatus was very large and, as on the right side, the bone appeared 
deficient in the region of the crista transversa. 

In brief, the abnormalities consisted of deformities of stapes, ab- 
normal meatus and modiolus on both sides. 

Figure 2 shows the two distinct nasal capsules separated by a 
median sulcus. The right capsule is cartilaginous and wider than 
the left, which alone is covered by a prolongation of the ossified 
maxilla. The imperfectly developed asymmetrical orbits appear in 
Figure 2. The relations of the Eustachian tube were normal, but 
there was no communication between the nasal cavities and the 
pharynx. The maxillary and ethmoid sinuses, as well as the larynx, 
epiglottis and tongue (Figs. 3A and 3B) were normal. 

When the head was cut midsagitaUy it was found that the floor of 
the left nasal capsule was supported by a mass of tissue which 
formed the median wall of the “accessory mouth” which is about 
to be described (“a” in Figs. 3A and 3B). Figure 3A shows the wall 
intact, while in Figure 3B this space is occupied by the accessory 
mouth. The length of this mass of tissue, as measured in the center, 
was 20 mm. from the floor of the nose to the roof of the mouth, as 
compared to only 5 mm. on the right side. When this median wall 
was removed a space was encountered in which there was no pharynx 
or uvula but only a tongue-like bit of tissue 2 mm . long. Histo- 
logically it consisted of connective tissue covered with stratified 
epithelium, without glands or muscle. 

The lining of the accessory left mouth had the typical appearance 
of an oral cavity. The lateral wall of this mouth had six tooth germs, 
which was also the case on the other side. There were the normal 
ten in the mandible. As mentioned before, the right mouth was 
wide with a correspondingly broad maxilla. The tongue was 37 mm. 
long and the base was 17 mm. thick. 

The spinal cord from the medulla to the level of the third lumbar 
vertebra was normal. The vertebral arches of the third and the 
fourth lumbar vertebrae were missing; the cord was protruding .and 
came to the surface under the thin membrane (Fig. ib). 

The thymus measured 55 by 30 by 14 mm. In spite of extensive 
postmortem changes the lobular character of the gland could easily 
be discerned, as well as the medulla and the cortex with its Hassal s 
corpuscles. 

The thyroid gland, the lower part of the trachea and the mam 
bronchi appeared normal. 
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The left lung showed a partial fusion of its upper and middle 
lobes, and the upper lobe revealed superficial markings suggestive 
of a division to form a third lobe. The right lung had four lobes, the 
upper lobe being divided by a deep groove running anteroposteriorly 
to form the fourth. The sectioned lung, aside from great distention 
of the alveolar spaces, showed no abnormality. 

The pericardial cavity, the heart and the great vessels were nor- 
mal. The abdominal cavity was separated from the thoracic by an 
abnormal diaphragm whose two halves were not in the same plane. 
The right half of the diaphragm was lower than the left and the two 
halves were connected posteriorly by a delicate membrane which 
formed a pouch extending from the left side into the thoracic cavity 
on the right, above the right half of the diaphragm and in contact 
with the posterior surface of the right lung. The upper pole of the 
spleen, which occupied this pouch, was afforded therefore an in- 
trathoracic position. 

The esophagus lay slightly to the right of the midline and was 
dilated into an imperfectly developed stomach which was partially 
thoracic in location and lay somewhat to the right of the midline. 
The “stomach” extended downward in the longitudinal axis of the 
body, passed anteriorly to the spleen and curved slightly to the left 
lobe of the liver, where it ended abruptly in a sphincter-like ridge 
which separated it from the thin-waUed duodenum. The latter ex- 
tended distaUy almost to the midline, curved slightly to the left and 
ended in a hardly perceptible duodenojejunal angle. Both the large 
and small intestines were attached posteriorly by a common 
mesentery. 

The liver and pancreas were normal in gross. Microscopically the 
architecture of the organs could not be made out because of exten- 
sive autolysis. 

The adrenals could not be identified in gross or recogmzed micro- 
scopically. 

The left kidney consisted of a spongy mass measuring 40 ^ 

12 mm. The right kidney was 40 by 19 by 16 mm. and like t e e t 
appeared honey-combed. Microscopically cellular structure cou 
not be made out because of postmortem changes. Only a b^e out 
line of the cortical and medullary structure could be detecte . 

In gross the Fallopian tubes and ovaries appeared norma • 
sections of the latter there were no Graafian but only pnmor a 
foUicles. 
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Discussion 

The case reported may be interpreted as one indicating a tendency 
toward duplication of facial structures. The following series may be 
recognized. 

The case of Feller (Text-Fig. i) showed doubling of the lower jaw 
with partial doubling of the tongue. My case showed doubling of 
the lower jaw with partial doubling of the mouth. In Buch’s case 
there was one broad nose and within it a rudimentary second nose; 
there were two oral cavities and only two eyes, in fact the upper 
third of the face was normal. 

The case of Gruber (Text-Fig. i) showed two distinct and separate 
noses and mouths. Soemmerring’s case presented a doubling of the 
oral cavities and nose and the appearance of a third eye. 

Forster (Text-Fig, i) reported a case of doubling of the left side of 
the frontal bone with the formation of two eye orbits, eyelashes and 
eyebrows but without a simultaneous doubling of the eyeball. In 
this mulatto male, 8 months old, who was normal in every respect 
except for the anomalies of the cranium, there was a small eye cleft 
with lids and eyebrows but no eyeball on the left side in the usual 
place, and then somewhat laterad a third larger cleft in which there 
were a ball, eyelids and eyebrows. On the left side there was a hy- 
drocele. The nose was flat and had only one ala nasi and a blind 
nostril on the right. The right eye and mouth were normal in gross. 

Doubling of the nose is not infrequent. One is dealing here with a 
broadening of the medially situated nose which, because of an in- 
vagination of its medial parts, has led to the formation of a nose 
called ‘‘Doggennase” by Bumba and Lucksch (Text-Fig. i). The 
“Doggennase” (congenital malformation in which the nares are 
divided by a groove) is a result of the failure of the two overlying 
bones which develop lateral to the cartilaginous nasal septum to 
unite. As a result of this the septum becomes wider and the nostrils 
farther apart. Sinking of the septum or its atrophy results in the 
formation of a double nose which has only one nostril on each side, 
as in my case. 

Rating reported a case (Text-Fig. i) in which there were some- 
thing resembling a nose in the region of the right eye, harelip, cleft 
palate and spina bifida along the entire spinal column. There was a 
somewhat flat “main” nose in the midline, the right nostril of which 
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was contracted and the left wide. The accessory nose lay between 
the root of the nose and the right eye and seemed to have sprung 
from the orbital roof. Underneath this accessory nose there was, on 
the right side, a fissure lo mm. long which was covered with cilia. 
This contained an eyeball and two lenses, an optic nerve of its own 
but no cornea; according to the author this was no doubt an anlage 
for a cyclopic eye. There was, however, no nasolachrymal duct to 
the accessory nose, which covered the right eye from above. The 
left eye, in which no tear canals could be made out, was somewhat 
larger than the right eye, which was 27 mm. from the midhne, while 
the left eye was only 10 mm. from it. 

According to Hxibner, “all gradations of a diprosopia ranging 
from a doubled h3TDophysis through a ‘Rhinodymie’ and ending 
with a diprosopus sensu strictori are possible.” In the latter 
case the skull is incomplete, the face incompletely or completely 
doubled and this doubling may range from “Rhinodymie” to di- 
cephalus. 

Lasagna reported a case of double nose in a child, 2 months old, 
with no other abnormalities. The left nose had a small aperture, 
while the right was normal in every way. The pinhead-sized open- 
ing referred to and interpreted by the author as a rudimentary “tear 
collector” was in the left infra-orbital region. 

Bischoff and Roth (Text-Fig. i) have described a case in which 
one nose was in the normal midline position while the other had its 
origin from above the left orbit. There were four frontal bones and 
the mouth was normal. 

The case of Bimar, a typical “Rhinodymie,” was first recognized 
in 1881, and since then some 6 cases have been described. 

A further step toward duplication of the face is represented by 
the case of Schwalbe in which there were two mouths, two noses and 
three eyes (a true “Rhinodymie”). Finally, the last stage is ex- 
emplifi,ed by Gruber’s case (last drawing in the first row) in which 
there were four eyes, two noses and two mouths. 

Wilkinson (Text-Fig. i) described a deep depression in the naid- 
line of the nose, wide separation of the nostrils, and broadening of 
the whole feature. On the inner side of each vestibule the antenor 
ends of the nasal septum could be seen as a proximal ridge. The two 
sides of the septum having been separated from one another, there 
was no nasal obstruction. He pointed out that failure of the median 
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walls of the nasal cartilage to fuse is rare, and that such a failure 
might account for a median cleft palate and a bifid nose. 

A further stage toward duplication is presented in the cases of 
Windle, and Muecke and Souttar. Windle (Text-Fig. i) reported 
the case of a girl, aged 5 years, who had a nose that was incompletely 
divided into two parts by a longitudinal furrow. There were four 
nostrils, two on each side of the septum, and two more laterad. The 
two median ones were functionless, small, blind and only 10 mm. 
deep. The normal, wider pair functioned properly. The only other 
malformations were two ridges on the upper lip. The author be- 
lieved that this represented an attempt at division of the nose into 
two noses. 

Muecke and Souttar, who reported a case of two completely 
formed noses in a girl, aged 3 years, the right being more central and 
larger than the left, but each having its own septum, nostrils and 
well formed alae nasi, postulated that the nature of such an anomaly 
depends on whether or not the two anlage are present. When they 
are present the medial depression is not flat but is deeply grooved, 
so that two equally well developed noses lie one next to the other, 
each with its individual septum, alae and nostrils. Finally, there are 
stages of symmetrical doubling represented by the cases of Schwalbe, 
and especially that of Soemmerring (Text-Fig. i). 

Thus, there may occur all gradations of doubling from incomplete 
to that of diprosop, tetrophthalmic, tetrorbitus, diotus, monosomus, 
dignathus and monauchenos. 

In summary, it may be said that monsters of this t3q)e may be 
divided into three series, as shown in Text-Figure i. The tendency 
in the first row is toward duplication of nose and eyes, eventually 
reaching the mouth. In the second row the mouth and nose are in- 
volved at first with a tendency to include the eyes. In the third row 
all the elements are duplicated. 

Summary and Conclusions 

1. The case reported belongs in the group of “Ehinodymie, as 
described by Rating, and forms a link between the case of FeUer, 
showing doubling of the lower jaw only, and that of Buch with two 
well developed and distinct mouths and only a rudimentary second 
nose (Text-Fig. i). 
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2. The anatomical findings and the consideration of cases de- 
scribed in the literature suggest that doubling of the nose and mouth 
are expressions of a tendency toward dicephaly. These were asso- 
ciated in the case reported with anencephaly, deformities of stapes, 
meatus and modiolus on both sides, defect of the diaphragm, im- 
perfectly developed stomach, absent adrenals and spina bifida. 

3. Experimental evidence, which alone is significant, indicates 
that anencephaly is due to an inhibition in the early development of 
the embryo affecting regions of highest rate of development. The 
frequent association of anencephaly with cephalic duplications sug- 
gests that the latter may be due to similar factors. 

4. The deficient diaphragm may be interpreted as an interference 
with the development of the pleuroperitoneal membrane. 

5. Much of the speculation concerning the causes underlying 
human monsters is futile. The only direct evidence bearing on the 
subject at the present time is that of experimental embryology. 

Note: This paper was inspired by Dr. George W. Bartelmez, 
Professor of Anatomy, University of Chicago. I also wish to ac- 
knowledge my indebtedness to Dr. Robert S. Jason, Assistant Pro- 
fessor of Pathology, Howard University School of Medicine, for 
the study of microscopic sections of the viscera; Dr. Elmer 
W. Hagens, Assistant Clinical Professor of Laryngology and Otol- 
ogy, Rush Medical College, for the study of the sections of the ears; 
and to Dr. Max L. Folk, Assistant Professor of Ophthalmology, 
College of Medicine, University of Illinois, for the study of the eye 
sections. 
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DESCRIPTION OF PLATES 
Plate 110 


Fig. I. Anencephalie fetus. 
A = ventral view. 
B = dorsal view. 
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Plate iio 




Plate hi 


Fig. 2. View from above of the inner base of skull, 
a = free margin of squama occipitalis, 
b = free margin of temporal bone, 
c = internal acoustic meatus, 
d = right cartilaginous nasal capsule, 
e = maxillary region of skull, 
f = left eyeball, 
g = right optic foramen, 
h = medulla oblongata in foramen magnum. 

Fig. 3A. Two halves of the head separated to show the accessory mouth. 

a = median wall of the accessory mouth underneath the left maxiUa. 
b = base of tongue, 
c = left turbinates. 

Fig. 3B. View from above of the medial side of the left moiety, 
a = space occupied b}'^ the accessory mouth, 
b = tongue in true mouth, 
c = epiglottis, 
d = left turbinates. 

e = ossified centrum of the third cer\dcal vertebrae. 













ANOMALIES OF THE CIRCLE OF WILLIS WITH RESULTING 
ENCEPHALOMALACIA AND CEREBRAL HEMORRHAGE * 

Otto Saphtr, M.D. 

{From the Deparlment of Pathology of the Nelsoji Morris Institute of Medical Research, 
Michael Reese Hospital, Chicago, III.) 

Introduction 

There is an increasing tendency today to attribute to functional 
abnormalities the anatomical changes that are undoubtedly the 
result of vascular lesions. This pertains particularly to encephaloma- 
lacia and cerebral hemorrhage. Fischer-Wasels ^ stated very recently 
that in instances of brain hemorrhage there is primarily a destruction 
of brain tissue as a result either of trauma or of toxins, or because of 
local circulatory disturbances. As a result of the primary destruc- 
tion split products may be present which secondarily damage the 
walls of blood vessels, either by accentuating the local disturbances 
of circulation or by producing anatomical changes in the vessels 
which finally may result in necrosis. The damage to the walls of the 
vessels may also cause reflex disturbances. Weil,^ realizing the diffi- 
culty in evaluating the different theories of explanation of cerebral 
hemorrhages and encephalomalacia, stated that different possibili- 
ties may exist, primary vascular disease or primary functional dis- 
turbances of vasomotor regulation. Although it cannot be denied 
that apparent vascular lesions may very occasionally be the result 
of functional disorders which cannot be demonstrated by means 
available to the morphologist, it cannot be emphasized sufficiently 
that every possible morphologically demonstrable cause of vascular 
lesions must be searched for, carefully evaluated and ruled out before 
the morphologist resorts to an explanation based on functional dis- 
orders. The assumption of functional disorders is often a confession 
by the morphologist of inability to find the real cause of the lesion m 
question. 

In the following, 2 cases of encephalomalacia and cerebral emor 
rhage will be reported. In both of these, vascular disturbances \.cre 
not the result of an occlusion of the vessels, and the causes 01 t jcsc 

* Received for publication March 28, 1935- 
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lesions were at first difficult to determine. Only a careful examina- 
tion of the vessels revealed anomalies of the circle of WiUis as the 
underlying cause of the brain abnormalities. Also, a third case of 
anomalies of the circle of Willis not accompanied by vascular dis- 
turbances of the brain will be reported. 

The literature on this subject is very scant. It may be divided 
into three parts — one dealing with the onto- and phylogenetic de- 
velopment, one statistical, and one associating the anomalies with 
certain psychic features. It may be of interest to note that anatomi- 
cal brain lesions, as far as could be ascertained, were not correlated 
with anomalies of the circle of Willis. There are, however, references 
to cerebral aneurysms associated with anomalies of the arteries of 
the circle of Willis, and the opinion is expressed that abnormalities 
in the distribution of the blood because of such anomalies may be a 
mechanical factor in the causation of cerebral aneurysms (Jacques®). 
Only the more important references pertinent to this communication 
and principally confined to the posterior communicating branches of 
the circle of Willis are given. 


Literature * 

Webber ® in 1882 described a case of an abnormal distribution of 
the circle of Willis. The right posterior communicating artery was 
one-tenth its usual diameter and the right posterior cerebral was 
twice its usual size. The left posterior communicating artery was 
nearly twice its normal size and was virtually the origin of the left 
posterior cerebral artery. 

Windle ® in 1888 examined 200 brains and found both posterior 
communicating arteries extremely small in seven instances. Both 
were absent in three. He stated that the origin of the postenor 
cerebral artery from one or both internal carotid arteries was the 
most common variety. 

De Vriese ^ in 1905 stated that in fish, amphibians, reptiles, birds 
and some mammals the internal carotid artery provides the only 
arterial supply to the cerebrum. Upon entering the cranial cavity 
each internal carotid divides into two branches, the cranial and the 
caudal. The terminal branches of the caudals uhite to form the 


* The earlier literature is given in Mitchell’s 'i article. 
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basilar artery. In mammals the circle of WiUis is formed either by 
branches of the internal carotid arteries (so-called “primitive t)7pe”) 
or is formed by branches of the vertebral arteries (so-caUed “recent 
t3^e”). The following anomalies of the posterior communicating 
arteries were found. 

(1) The caliber of these vessels may be larger than normal. 

(2) Variations in the caliber of the right and left arteries. 

(3) Complete absence of one or both vessels. 

(4) One or both vessels may be so large that the posterior cerebral 
artery appears to be a terminal branch of the posterior communicat- 
ing. The divisional branch of the basilar artery up to the point of 
union with the posterior communicating branch (most proximal 
portion of the posterior cerebral) may be so small that it appears to 
be the posterior communicating artery. 

(5) The basilar artery may be formed by the fusion of the pos- 
terior communicating and the divisional branch of the basilar artery. 
(The posterior communicating artery and the divisional branch of 
the basilar artery are equal in size.) 

Blackburn ® in 1907 stated that an enlargement of one or both 
posterior communicating arteries was a common anomaly. In al- 
most every specimen enlargement of the posterior communicating 
arteries coincided with small posterior trunks at their point of origin 
from the basilar or at their proximal portions. 

Stopford ® stated in 1916 that in 105 brains out of in there was a 
complete anastomosis of the circle of Willis. In 6 of the remaining 
brains the circle of Willis was incomplete because of the absence of 
the posterior communicating branch on one or both sides. 

Berger^® in 1923 described the transformation of the left posterior 
communicating artery into a fibrous cord. The right posterior com- 
municating artery was very large. The right posterior cere ra 
artery seemed to be a continuation of the right posterior com 

municating artery. 'if 

Walcker in 1924 stated that there are two t3q)es of cir e o 
Willis. One is characterized by its patency, the other 
ruption of its continuity. The former is referred^ to as , 

circle, the latter as “open” circle. The closed circle o / 
found frequently in individuals with a mesaticephalic and ^ ^ ^ 
brachycephalic configuration of the head. In the decide y rac y 
cephalic there often is an increased number of anastomoses seen in 
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the circle of Willis. The open circle of Willis is often present in 
individuals with dolichocephalic configuration of the head. 

SheUshear in 1926 described the arteries of the brain of an orang- 
utan and stated that the arteries of the brain are stable phylogeneti- 
cally and ontogenetically. 

Jacques ^ in 1926 found a circle of Willis abnormally incomplete. 
The right posterior communicating artery took the course normally 
taken by the right posterior cerebral artery. At the site of origin of 
the left posterior communicating artery was an aneurysm measur- 
ing 2.5 cm. in greatest diameter. 

Voris in 1928 described the arterial supply of the brain in the 
Virginian opossum (JDidelphis virginiand) and found a double com- 
munication between the internal carotid and the basilar artery. One 
was formed by the posterior communicating and the second one by a 
small branch of the medial cerebral artery which came off imme- 
diately after its origin. There was no anterior communicating 
artery. 

Hindze and Fedotowa in 1931 described a case of absence of the 
posterior communicating artery on one side. This vessel on the 
other side was very large and seemed to be the origin of the posterior 
cerebral artery. These authors described seven types of anomalies 
as follows: 

(1) Primitive Type: The posterior cerebral artery forms the con- 
tinuation of the internal carotid artery. The posterior commumcat- 
ing artery is larger than normal. 

(2) Transitional Type: The posterior cerebral arteries are formed 
about evenly by the posterior communicating and the divisional 
branches of the basilar artery. 

(3) Recent Type: The posterior cerebral artery is formed prin- 
cipally by the branches of the basilar artery. 

(4) The internal carotid and basilar arteries are united by an 
embryonal trigeminal artery, or (5) hypoglossal artery. 

(6) Mixed Type: On one side the posterior communicating artery 
is absent and on the other side it is much larger than normal. 

(7) Complete separation of the circulation of the internal carotid 
and vertebral arteries. 

De Vriese ^ found anomalies of the circle of Willis for the most 
part in criminals and in the insane. 
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Blackburn ® pointed out that in only 65 out of 220 brains of con- 
secutive cases of mental disease was the circle of Willis normal. 

Hindze found anomalies of the circle of Willis in a schizophrenic, 
in a criminal, and also in a number of outstanding individuals 
scientists and poets. 

Wyrubow stated that anomalies of the anterior cerebral ar- 
teries were found in 22.3 per cent of the insane and in criminals. 

Parnizetti found anomalies of the circle of Willis in 55.1 per cent 
of criminals examined. 


Case Reports 

Case i. Clinical History: A 50 year old female was treated intermittently 
with iodine over a period of 6 years for a toxic goiter. Her complaint on a 
mission to the hospital was shortness of breath, palpitation and swelling o t e 
legs. Physical examination revealed an undernourished patient. The heart was 
enlarged and there was a systolic murmur at the apex. The liver and ^ 
were enlarged. She had an anxious expression and a stare, but no exop t a mus. 
The right lobe of the thyroid was enlarged. The basal metabolic rate was + 79> 
She was given iodine and her basal metabolic rate dropped to + 49 m 3 ^■y®’ 
Digitalis was administered and surgical removal of the thyroid 
plated but not performed. Seventeen days after adnaission her tempra 
to 103.6° F. The white count at that time was 6900. The temperature droppeu 
to normal but occasionally rose again. She developed marked 
toms such as incoherent talking and crying, and became irrationa . , . > 

temperature rose to 106.4° F. and she died of what was considered o e y 
crisis. 


Autopsy Report 

At autopsy there was a recent and organizing bronchopneumonia 
and a fatty infiltration of the heart involving mainly ^ 

tricle. There was a coronary arteriosclerosis and myocar la r , 
dilatation of the heart, chronic passive hyperemia of lungs, ’ 
spleen and kidneys and edema of the lower extremities. ^ no 
colloid goiter was found which histologically revealed ^ 

trophy and hyperplasia. The vessels of the base of the ram s ® 
the following abnormalities. The left posterior cerebra ar 
its origin from the left internal carotid artery by means o ^ 
posterior communicating artery. There was a fibrous cor w 
any recognizable lumen running between the first portion o 
posterior cerebral (or proximal portion of the posterior ctprinr 
ing) and the end portion of the basilar artery where e p 
cerebral artery starts normally. The right posterior cere 
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took its origin from the basilar artery. There was no communication 
between the right internal carotid and the right posterior cerebral 
artery. The anterior cerebral artery and the anterior communicat- 
ing branch were normal. A moderate degree of arteriosclerotic 
change was found throughout the arteries of the base of the brain. 
Multiple sections of the brain revealed two areas of encephaloma- 
lacia which were rather recent and which were found in the white 
substance of the cerebrum close to the right lenticulate nucleus. 
Small areas of hemorrhage were also found in the vicinity of the 
encephalomalacia. 

Histological examination of the brain revealed, in addition to 
encephalomalacia and hemorrhage, various degenerative changes of 
the ganglion cells. Many of the nuclei were absent, the cytoplasm of 
these cells was not well defined, was pale, and in many fields only 
shadows of ganglion cells could be made out. 

Summary 

A 50 year old female developed mental S3Tnptoms, became irra- 
tional and died of what was considered to be a thyroid crisis. At 
autopsy, in addition to other pathological findings, encephalomalacia 
and cerebral hemorrhages were found. There was a complete inter- 
ruption of the circle of Willis and no communication between the 
internal carotid and the vertebral arteries. There was an arterio- 
sclerosis of the vessels of the base of the brain. 

Case 2. Clinical History: This patient was an adult white male, 70 years of 
age, whose blood pressure had been elevated for a number of years. For the 
past 10 years he had experienced attacks of complete paralysis affecting the 
extremities and face, with loss of consciousness. These attacks lasted about 3 or 
4 days; occasionally, however, only a few moments. More commonly the left 
side of the body was involved. Four months before death he had an attack of 
precordial pain which was interpreted as coronary thrombosis. His mental con- 
dition most of the time was good, although in the last few months preceding 
death there had been periods of mental disturbance. The arterial blood pres- 
sure was constantly around 2 20/ r 50. During the last few weeks of life he had 
hematuria. Bronchopneumonia developed and he died shortly afterward. 

Autopsy Report 

At autopsy there was a generalized arteriosclerosis with marked 
involvement of the coronary arteries and occlusion of several 
branches. There were old and recent infarcts in the myocardium of 
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the left ventricle, dilatation of the heart, chronic passive h37peremia 
of lungs, liver, spleen and kidneys, and edema of the lower extremi- 
ties. A nephrosclerosis of the arteriolar variety, hypertrophy of the 
heart and a bilateral confluent bronchopneumonia were also found. 
There was a carcinoma of the urinary bladder. The arteries of the 
base of the brain revealed the following abnormalities: The right 
posterior communicating branch of the circle of Willis was absent 
and the left posterior communicating branch was transformed into 
a very thin fibrous cord. In the anterior-superior portion of the left 
frontal lobe near the longitudinal fissure there was an area of hemor- 
rhage measuring 0.5 cm. in diameter. This lesion was located par- 
tially in the gray and partially in the white matter. An area of 
softening was observed anteriorly to the anterior horn of the left 
ventricle close to its wall. An area of old encephalomalacia was seen 
in the right anterior portion of the corpus callosum. The surround- 
ing white substance showed small, yellowish-tinged cystic cavities. 
Close to the left internal capsule another area of encephalomalacia 
was found which measured i cm. in diameter. The left parietal lobe 
revealed a deep red area of hemorrhage within the white matter ex- 
tending over an area 0.5 cm. in diameter. Frontal sections through 
the right occipital lobe revealed a soft, yellow, necrotic area which 
measured i by 2 cm. in diameter. A small red area of hemorrhage 
was also found in the gray matter of the midportion of the occipital 
lobe. 

Histological examination of the brain revealed areas of recent and 
old encephalomalacia and hemorrhage. Small cysts were seen which 
were lined with phagocytic cells containing many yellowish brown 
pigment granules. Other fields showed many scavenger cells and 
only indistinct outlines of brain tissue. The cytoplasm of many 
ganglion cells was pale and often vacuolated. The glia nuclei were 
preserved. 

Summary 

The brain of a 70 year old man whose main clinical S3Tnptoms 
were attacks of unconsciousness revealed an interruption of to 
circle of Willis and resulting separation of the circulation of t e 
internal carotid and vertebral arteries. There was^ a marked arte 
riosclerosis of the arteries at the base of the brain and m tip e 
areas of encephalomalacia and hemorrhage into the brain. 
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Case 3. Clinical History: A 65 year old male complained of rapidly increas- 
ing shortness of breath, nocturnal cough, and swelling of the ankles. On physi- 
cal examination marked cyanosis was present and the cardiac dullness was en- 
larged. There was a loud systolic murmur over the entire precordium. The 
patient was mentally confused during the last 10 days of his life. The clinical 
impression was a generalized arteriosclerosis with coronary arteriosclerosis and 
myocardial fibrosis. 

Autopsy Report 

The autopsy revealed a marked generalized arteriosclerosis with 
involvement of the aortic valve and stenosis of its orifice. There was 
a coronary arteriosclerosis, myocardial fibrosis, hypertrophy and 
dilatation of the heart and generalized chronic passive h3T)eremia. 
There also was a bilateral bronchopneumonia. The circle of WiUis 
showed the following changes: Both posterior communicating 
branches were much thinner than normal. Their lumens were not 
recognized. No openings were found at the usual sites of origin of 
both internal carotid and both posterior cerebral arteries. Multiple 
sections of the brain showed no gross changes. 

The histological examination revealed marked degenerative 
changes of ganglion cells with necrosis in some instances. There 
were no areas of encephalomalacia or hemorrhages. 

Summary 

The brain of a 65 year old man who was mentally confused 
during the last 10 days of his life and who died of myocardial 
failure complicated by bronchopneumonia revealed a marked h)^^' 
plasia of both posterior communicating arteries. These vessels were 
reduced to the extent of prohibiting circulation of blood through 
them. 

Discussion 

The first two brains are interesting in that both showed areas of 
encephalomalacia and cerebral hemorrhages in the absence of occlud- 
ing lesions of the cerebral arteries. In each case there was a 
severe arteriosclerosis of the arteries of the brain and in each 
anomalies of the circle of Willis which principally involved the pos- 
terior communicating arteries could be demonstrated. 

Stopford ® stressed the point that the posterior communicating 
arteries were of much greater importance during the early weeks of 
intra-uterine life than in the later periods. This is so because in the 
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early period they form the origin of the posterior cerebral artery 
from the internal carotid arteries. Later, when the posterior cere- 
bral arter}'' is reinforced by anastomosis with the basilar artery, the 
posterior communicating artery is no longer essential for the main- 
tenance of the blood supply. Yet under normal conditions the chan- 
nel between the internal carotid and basilar arteries remains open 
and can be used as a collateral vessel for either the internal carotid 
or basilar arteries and their branches. How frequently this channel is 
used in this compensator}^ fashion, and its importance, cannot be 
estimated. As the literature shows, and as was brought out by the 
3 cases, the posterior communicating branches are not essential in 
the maintenance of the circulation of the brain under normal con- 
ditions. Since particular attention was paid to the posterior com- 
municating arteries, changes in the caliber of these vessels were 
found quite frequently. Most commonly they were very thin. In in- 
stances of diffuse arteriosclerosis of the vessels of the base of the 
brain, however, the free unhampered collateral anastomosis of the 
circulation of the internal carotid and vertebral arteries seems essen- 
tial, particularly in view of the fact that the cerebral arteries are 
end-arteries. In other words, an interference with the passage of 
blood through the circle of Wmis does not make itself manifest until 
the circulation through the internal carotid and vertebral arteries is 
impaired. In the first 2 cases two causes for such impaired circula- 
tion are demonstrable, namely the arteriosclerotic plaques through- 
out the arteries of the brain, and the failing heart, evidence of which 
could be deduced from the findings of myocardial fibrosis, chronic 
passive hyperemia of the various organs, and edema of the lower 
extremities and the dilated heart. As a result of the impaired vis a 
tergo and of the arteriosclerosis of the vessels of the base of t e 
brain, complicated by the complete separation of the two arterm 
channels of the brain, encephalomalacia and hemorrhages into t e 
brain ensued. This conception of the cause of the brain lesion is 
based entirely on morphologically demonstrable lesions, not on y o 
the brain itself but also of the various organs, particularly tl^ ^ earL 
It may be mentioned in this connection that Fleming and Na ziger^ 
called attention to the danger of vascular disturbances o e ram 
in instances of a fall of the arterial pressure. 

As was previously emphasized, the anastomosis between one pos 
terior cerebral artery and the basilar artery was insufficient m tne 
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first case. Stopford ® pointed out that under these circumstances, 
as was also seen in this brain, the posterior cerebral artery appears 
to be a branch of the internal carotid artery. He mentioned that 
what appears to be a compensatory enlargement of the posterior 
communicating artery to accommodate for its abnormally small 
origin from the basilar artery is strictly speaking a persistence of 
the embryonic condition. 

Very interesting is Case 2. Clinically the many attacks of un- 
consciousness followed by paralysis of the extremities could not 
definitely be explained. At autopsy a number of areas of encephalo- 
malacia and hemorrhage were found. Whereas it would have been 
difiScult to explain the multiplicity of these lesions on anatomical 
grounds in the absence of multiple emboli or thrombi, the anomaly 
of the circle of Willis combined with the arteriosclerosis and ana- 
tomical evidence of failing heart, makes an explanation on morpho- 
logical grounds possible. Of course it is impossible to state whether 
or not in addition to morphologically demonstrable lesions, physio- 
pathological, merely functional conditions played an additional role 
in the causation of the infarcts. But, as a matter of principle, such 
functional causes should be taken into consideration only when a 
careful examination fails to yield an explanation based on mor- 
phological grounds. 

In Case 3 the vessel anomaly and degenerative changes in the 
brain were the only significant findings. It is conceivable that the 
degenerative changes were the result of beginning deprivation of 
arterial blood supply. Similar degenerative lesions were also noted 
in the first 2 cases. It is of interest that aU three patients were 
mentally confused during the last week of life. This confusion may 
have coincided with the beginning of the final myocardial failure. 

As stated in the literature, anomalies of the circle of Willis have 
been correlated with psychic disturbances, since these anomahes 
have been foimd in a number of insane individuals and in criminals. 
On the other hand, such changes were also present in the mentally 
alert (Hindze^“). The three patients who were the subject of this 
communication were mentally normal as far as could be determined 
by the investigation of the clinical records and by subsequent in- 
quiries among relatives. 
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Summary and Conclusions 

Anomalies of the circle of Willis, with resulting interruption of 
the circulation between the internal carotid and vertebral arteries, 
may form the anatomical basis of cerebral vascular disturbances. 
The recognition of such anomalies is significant because they aid in 
the explanation of cerebral hemorrhage and encephalomalacia on 
morphologically demonstrable grounds in the absence of occluding 
lesions of the supplying arteries. 

In addition to local causes for encephalomalacia and cerebral 
hemorrhage one must consider also the condition of the myocardium 
and evidence of myocardial failure in the various organs. 

Three brains are described which revealed anomalies of the circle 
of Willis involving the posterior communicating arteries, and an 
abnormal origin of the posterior cerebral artery in i case. Two of 
these brains revealed areas of encephalomalacia and cerebral hemor- 
rhage, without the presence of occluding lesions in the supplying 
arteries. Whereas the posterior communicating arteries are not 
essential in the maintenance of the circulation of the brain under 
normal conditions, a free unhampered collateral anastomosis be- 
tween the internal carotid and vertebral arteries is important in 
instances of diffuse arteriosclerosis of the arteries of the base of the 
brain combined with beginning myocardial failure. 

This conception of the origin of these brain lesions is based entirely 
on morphologically demonstrable changes and does not require the 
assumption of theoretical fimctional disturbances of the circulation. 
Perhaps similar anatomical findings may explain anatomical changes 
elsewhere which now are attributed to functional disturbances. 
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DESCRIPTION OF PLATE 


Plate 112 

Fig. I. So-called primitive type of the circle of Willis. The posterior cerebral 
artery forms the continuation of the internal carotid artery. The posterior 
communicating artery is larger than normal. The branches of the divisional 
basilar artery are small. 

Fig. 2. So-caiRtd. transitional type oi the circle of ^Willis. The posterior cerebral 
arteries are formed by the posterior communicating and the divisional 
branches of the basilar artery. These two branches are of about equal size. 

Fig. 3. So-called mixed type of the circle of Willis. The left posterior com- 
municating branch is normal {recent type) and the right posterior com- 
municating artery corresponds to the primitive type. 

Fig. 4. The normal circle of Willis and the anomalies found in the first case are 
given for comparison. The left posterior cerebral artery takes its origin 
from the left internal carotid by means of a large proximal portion of the 
posterior communicating artery. The distal portion of the communicating 
branch and the divisional branch of the left basilar artery are transformed 
into a fibrous cord. The right posterior communicating artery is absent. 

Fig. 5. Case 2. The left posterior communicating artery is transformed into a 
fibrous cord. The right is absent. 

Fig. 6. Case 3. Both posterior communicating arteries are transformed into a 
fibrous cord. 
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EXPERIMENTAL GASTRIC EROSIONS FOLLOWING 
HYPOTHALAMIC LESIONS IN MONKEYS * 

E. C. Hoff, Ph.D., and D. Sheehan,! M.D. 

{From ihe Laboratory of Physiology, Yale University School of Medicine, 

. Acw Haven, Conn.) 

Introduction 

Cushing/ in his Balfour Lecture, has directed attention to some 
neurogenic factors involved in acute ulceration of the gastro- 
intestinal tract. In a comprehensive review of the literature on the 
subject he points out that the weight of evidence indicates a causal 
relation between h3^othalamic disturbance and certain gastro- 
intestinal lesions. 

Although it had long been suspected that the central nervous sys- 
tem plays a part in the genesis of gastro-intestinal ulceration 
(Schiff,2 and Brown-Sequard ®), the experiments of two Russian in- 
vestigators, Burdenko and Mogilnitzki,^ were among the first to 
provide direct evidence that hypothalamic injury might lead to 
haemorrhagic ulceration in the stomach and duodenum. Using a 
subtemporal approach they produced small lesions in the base 
of the brain immediately behind the infundibular stalk. Gastric 
haemorrhages and erosions, acute ulceration and occasionally per- 
foration with peritonitis resulted and in some instances, in animals 
surviving the operation by several months, chronic cicatricial ulcer- 
ation was found. They explained their results on the basis of a 
destruction of a vasomotor centre in the posterior hypothalamus 
and of a metabolic centre in the tuberal region. 

Keller, Hare and d’Amour,^ in a long series of experiments on cats 
and dogs in which many and varied types of experimental lesions had 
been made in the upper brain stem, found that apart from 3 chronic 
midbrain animals in which erosions occurred in the stomach acute 
gastro-intestinal changes most commonly followed lesions that had 
been associated with haemorrhage into the cerebral ventricles, i.e. 
after a transverse section of the brain at the level of the chiasma. 

* Received for publication March 26, 
t Rockefeller Fellow. 
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Multiple erosions of the stomach were encountered in some of the 
cases after hypothalamic injury. They occurred most frequently in 
the body of the stomach, rarely in the pylorus, and were most numer- 
ous on the crests of the folds. 

Watts and Fulton ® have recently reported a series of experiments 
in monkeys in which localised hypothalamic injury was associated 
with acute gastro-intestinal changes. Of 17 animals with large hypo- 
thalamic lesions 4 developed gastric erosions, i died of a perforated 
duodenal ulcer and several showed mucosal haemorrhage. A careful 
examination of the gastro-intestinal tract in a control series of 63 
animals revealed that gastric erosions were found in only i monkey 
without a hypothalamic injury, and this animal had received daily 
injections of ephedrin after a midthoracic transection of the spinal 
cord. Their observations did not permit any conclusions as to the 
relation between the destruction of any single group of h3q)othalamic 
nuclei and the pathological changes in the gastro-intestinal tract. 
They were inclined to the view that the erosions following lesions in 
the tuberal and supra-optic regions were due primarily to local 
ischaemia incident to hyperactivity of the sympathetic vasocon- 
strictor mechanism of the gut. 

As the observations of Watts and Fulton ® were based on relatively 
long term experiments, they suggested that further studies were 
needed with earlier sacrifice; the present experiments have been 
undertaken with this object specifically in view. 

Method 

This report is based on a study of 19 monkeys (ii capuchins, 
Cehis fatuelhis, and 8 rhesus, Macaca mulatto) in each of which a 
small lesion was made in the hypothalamus. In order to provide an 
adequate control series a careful examination was made of the gastro- 
intestinal tract of all primates sacrificed in this laboratory for a 
period of 6 months. These (some 50 in all) had been subjected to 
various operative procedures, including occlusion of the pituitary 
stallc, spinal cord transection and ablation of certain cortical areas, 
frontal, premotor and occipital. 
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Operative Procedure 

A subtemporal approach was used throughout this investigation. 
This method was selected in order to avoid damage to any part of the 
central nervous system, other than the hypothalamic region, as the 
animals were also being used for anatomical studies of nerve path- 
ways. All operative procedures were carried out with full aseptic 
precautions and under sodium amytal anaesthesia. 

A large unilateral bone flap extending across the midline was 
turned down in each case. With the head of the animal placed on 
its side the temporal lobe was gently retracted upwards from the 
base of the skull, thereby exposing the optic and oculomotor nerves 
and the infundibular stalk partially screened by the internal carotid 
artery. By means of a sharp hooked probe a small lesion was made 
in a selected part of the hypothalamus, either directly in the tuber 
cinereum or in the posterior hypothalamic region. An attempt was 
made to produce a bilateral lesion in every case. Little haemorrhage 
was encountered, though frequently a small amount of cerebro- 
spinal fluid escaped from the puncture. The temporal lobe was 
allowed to slip back into position, the bone flap replaced and the 
wound closed. 

During the elevation of the temporal lobe there was often a 
marked slowing of the heart rate. In the earlier experiments, in 
order to combat this effect, a small dose (0.3 to 0.5 cc.) of adrenalin 
was administered subcutaneously at this stage of the procedure, but 
this was dispensed with in later experiments. 

Postoperative Study 

Most of the animals survived 3 days and were sacrificed at the 
end of this period as it was particularly desirable in this investiga- 
tion to observe the early appearances of any gastric lesions. Two 
of the animals were sacrificed at the end of 3 weeks and were utilised 
for Marchi studies. During the postoperative period careful obser- 
vations were made of the general condition of the animal and the 
faeces and any vomitus were examined for blood. 

At the time of sacrifice the animals were profoundly anaesthetised 
with ether. The stomach and intestines were isolated from the 
pneral circulation, removed and placed in physiological saline for 
immediate examination. The animal was then injected through the 
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abdominal aorta with 500 to 1000 cc. of 0.9 per cent saline until 
clear fluid flowed from the opened inferior vena cava. This was 
followed by 300 to 500 cc. 10 per cent chloral hydrate solution. 
The brain and spinal cord were removed at once and a complete 
autopsy performed. 

Histological Technique 

The hypothalamus and adjacent brain tissue were removed in one 
piece and placed in 75 per cent alcohol. Serial Nissl-stained sec- 
tions were made of the entire block so that the precise localisation 
of the lesion could be ascertained in each case. The rest of the brain 
stem and sample blocks from the spinal cord were stained with 
CajaPs method of reduced silver nitrate impregnation (formula 6c) 
and serial sections made for examination of degenerated bouton 
terminaux (as described by Hoff ^). Any lesions found in the gastro- 
intestinal tract were excised and fixed in neutral formalin solution 
and sections were stained with haemalum and eosin. 

Results 

Postoperative Course 

The animals showed striking individual variations in the general 
postoperative condition. Some made a rapid recovery so that 
within 24 hours their behaviour was apparently entirely normal. 
Many of the animals, on the other hand, were profoundly affected 
by the operation. They recovered slowly from the anaesthesia and 
sat hunched up in the cage with the head lowered between the upper 
limbs. These animals refused food and invariably their condition 
became progressively worse, death supervening in i to 3 days. 

Subsequent histological examination of the base of the brain re- 
vealed nothing in the location or extent of the lesion that would 
account for the marked difference in postoperative recovery. Thus, 
in Experiment 7, in which serial sections of the hypothalamus 
showed a bilateral lesion that had destroyed the tuber cinereum, 
opened up the base of the third ventricle and had aU but severed the 
infundibular stalk, the animal was active and feeding several hours 
after completion of the operation. It continued to improve so that 
on the following morning its general behaviour and activity were in- 
distinguishable from those of an unoperated animal. Sacrifice 3 
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days after the operation revealed no abnormality in the gastro- 
intestinal tract. Contrasting remarkably' with this case was the 
postoperative course in Experiment 5 in which the lesion in the h3rpo- 
thalamus was non-haemorrhagic and identical with that produced in 
Experiment 7. Yet the animal went steadily downhill and died 
within 24 hours of the operation. Autopsy in this case revealed mul- 
tiple mucosal erosions in the body of the stomach. It would appear 
from our experiments that extensive gastro-intestinal lesions may 
alter very rapidly the postoperative course of these animals, quite 
apart from the nature of the hypothalamic lesion produced. 

In only i case was haemorrhagic vomitus observed. In Experi- 
ment II, which subsequently showed a destructive lesion in the 
dorsal part of the tuber cinereum, the animal remained prostrate 
for 24 hours after the operation. Twenty hours after the lesion had 
been made the monkey began to vomit a clear mucous fluid mixed 
with clots of coffee-coloured blood. During the next few hours the 
animal recovered slightly but continued to vomit blood at intervals, 
and death occurred within 48 hours of operation. At autopsy mul- 
tiple haemorrhagic erosions were found in the body of the stomach. 

A marked polydipsia following operation was observed in several 
instances but as the animals were being sacrificed at the end of 3 days 
no reliable measurements of the daily fluid intake and output were 
obtained. 


Occurrence of Gastric Erosio7is 

Three of the 19 animals died while the lesion was being made. Of 
the 16 that survived the operation 5 animals showed acute mucosal 
erosions in the stomach. Two of these survived a 3 day post- 
operative period, although exhibiting a marked disinclination to eat 
and a general sluggishness in movements. The remaining 3 of the 
group showing gastric erosions at autopsy died, 2 within i day and 
I in 2 days, each after a stormy postoperative course. 

In all of the cases the erosions were confined to the body of the 
stomach, both the anterior and posterior wall. Sometimes the 
pyloric region was also involved but there was no evident predilec- 
tion for this part, or for the lesser curvature of the stomach. The 
erosions were always multiple and haemorrhagic (Fig. i) and there 
were often clots of dark blood intermingled with the gastric contents, 
definitely establishing the ante mortem nature of such lesions. Some 
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of the erosions were 5 mm. by 5 mm. and showed a punched-out 
appearance with slightly raised margins and a haemorrhagic base 
(Fig. 2), but aU were evidently of very recent origin. Microscopical 
examination revealed that the lesions were all confined to the mucosa 
and in no case was the muscular layer involved. The histological 
picture was one of sharply localised destruction of the mucosa with 
haemorrhagic exudate and no evidence of thrombosis in the sub- 
mucosal vessels underlying the lesion. 

In three of the five experiments in which gastric erosions were 
present the stomachs of the animals showed considerable dilatation 
and atony on opening the abdomen. In another animal, in which 
the lesion had involved the posterior h)^othalamic region and yet 
showed no pathological changes in the gastro-intestinal tract, a 
similar condition of the stomach was observed at autopsy. This 
marked dilatation of the stomach might conceivably be attributed 
to sympathetic hyperactivity. However, we have since seen similar 
very dilated stomachs in several animals sacrificed after various 
kinds of cerebral but non-h3Tpothalamic operations, and its sig- 
nificance is therefore not entirely clear. 

In the control series of over 50 animals subjected to many types 
of non-hypothalamic cerebral lesions and sacrificed in this laboratory 
during the past 6 months, careful postmortem examination of the 
gastro-intestinal tracts has revealed only i case with gastric or duo- 
denal ulceration. This animal was a young capuchin in which the 
right and left motor and premotor areas had been extirpated 5 
months previously. Five weeks before autopsy a transection of the 
spinal cord at the sixth thoracic level had been performed and 12 
days prior to sacrifice the left posterior quadrant of the spinal cord 
had been divided at the third cervical level. At autopsy the stomach 
showed three small haemorrhagic erosions, one close to the oeso- 
phageal orifice and two in the pyloric end. The contents of the 
stomach were mucous and mixed with small particles of black blood. 
The small and large intestine were normal. 

This case, in which interruption of sympathetic or parasympa- 
thetic pathways from higher centres undoubtedly played a signifi- 
cant role in the development of the gastric erosions, stands out as an 
isolated example from a large series of monkeys that had been sub- 
jected to many and varied types of non-hypothalamic cerebral 
injury and revealed no gastro-intestinal pathology at autopsy. The 
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consistently negative findings in the long control series of experi- 
ments continued from Watts’ and Fulton’s investigation, lend 
greater significance to the association of gastro-intestinal lesions with 
injury to the hypothalamus or interruption of its descending auto- 
nomic pathways. 

We were impressed at autopsy of primate material with the fre- 
quent finding in the large and small bowel, and in one instance in the 
mucosa of the stomach, of lesions of parasitic origin which often 
closely simulated chronic peptic ulceration, and it was sometimes 
necessary to resort to histological methods in order to differentiate 
the conditions. Tuberculous ulceration of the intestine was also 
encountered in several instances, but it would seem that true peptic 
ulceration is a very rare occurrence in normal monkeys. 


Site of Lesions iii the Hypothalamus 

Serial sections showed that in most of the cases the lesions had 
been made in the tuber cinereum. In 3 cases the posterior hypo- 
thalamic region only had been damaged, and in i case the lesion had 
destroyed the supra-optic nucleus on one side. The pre-optic region 
was never involved. 

Of the 5 animals showing well marked gastric erosions at autopsy, 
aU showed lesions confined to the infundibulum or to the grey 
matter immediately dorsal to it, in which lie the nucleus hypo- 
thalamicus periventricularis (anterior and posterior) and nucleus 
hypothalamicus ventro-medialis * of Papez and Aronson.® The 
nuclei tuberis lateralis were destroyed in all 5 cases, and in 2 animals 
there was considerable involvement of the pars tuberalis of the 
pituitary body, which in the monkey wraps round the base of the 
infundibular stalk and is in part embedded in the substance of the 
tuber cinereum. In none of the 5 cases did the lesion encroach upon 
the nucleus paraventricularis, nor was the nucleus mammillo- 
infundibularis (hypothalamicus laterahs of Papez and Aronson ®) 
involved to any extent. In only i of the 5 was the track of the lesion 
haemorrhagic, and in all 5 cases the base of the third ventricle had 
been opened. 

The precise localisation of the lesion in the 5 cases showing gastric 
erosions can be summarised briefly as follows. 

The ventral or “principal” nucleus of the tuber cinereum. 
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ExFERiMENT 4. 0peratio7i January ig, 1934; Slow Postoperative 
Recovery; Disinclhiation to Eat; Sacrifice 3 Days Later; 

Three Small Ulcers in the Body of the Stoinach 

Brain Lesion: In sections through the optic chiasma the supra- 
optic and paraventricular nuclei on each side contained many 
“shadow” cells, pale and partly disintegrating, and there was a 
fairly extensive gliosis present. In more caudally placed sections the 
oral part of the tuber cinereum appeared intact and there was no 
haemorrhage to be seen. At the point of origin of the infundibular 
stalk the base of the third ventricle was widely opened from below, 
the stalk apparently having been separated completely from the 
base of the brain by the injury. There was no evidence of haemor- 
rhage an)rwhere. The track of the lesion could not be traced, owing 
to the destructive nature of the injury, but it appeared to have 
been uniformly bilateral and the tuber cinereum, including the 
nucleus tuberis on each side, had been completely destroyed. The 
posterior hypothalamic region and corpora mammillare were intact. 

Experiment 5 . Operation January 26, 1934; Death on the Following 
Day; Multiple Gastric Erosions 

Braifi Lesion: The track of the lesion could be seen entering the 
tuber cinereum from the right side, immediately rostral to the base 
of the infundibular stalk. There was very extensive destruction of 
the tuberal tissue at this point and the base of the third ventricle 
was opened. The lesion passed across to the opposite side, but was 
much more extensive on the right. There was no haemorrhage to be 
seen in any of the sections. The injury was confined to the nucleus 
tuberis and the grey matter in the floor of the third ventricle in the 
immediate vicinity of the tuber cinereum. The supra-optic, para- 
ventricular and mammillo-infundibular nuclei were not involved 
and the posterior hypothalamic region was intact. 

Experiment 9. Opcratioii February 5, 1934; Death on the Following 
Day; Large Dilated Stojuach with Multiple Mucosal Erosions 

Brain Lesion: The track of a circumscribed haemorrhagic lesion 
could be traced, entering the lateral aspect of the tuber cinereum 
from the left side, just rostral to the commencement of the pituitary 
stalk. The base of the third ventricle was opened and there was 
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considerable damage to the right lateral wall. A clot of blood over- 
lapping the optic chiasma extended backwards on each side of the 
infundibular stalk. There was also a small haemorrhage in the 
cavity of the third ventricle, around the lacerated right lateral wall. 
The damage was confined to the tuber cinereum bilaterally and 
involved the pars tuberalis of the hypophysis. The supra-optic, 
paraventricular and posterior hypothalamic nuclei were intact. 

Experiment ii. Operation February 8, 19341 Death Within 48 

Hours; Dilated Atonic Stomach with Multiple Mucosal Erosions 

Brain Lesion: "the lesion was very similar to that in Experiment 9, 
but had been placed more dorsally. The instrument had entered the 
h3rpothalamus on the right side above the tuber cinereum and had 
pierced the right lateral wall of the third ventricle without much 
involvement of the opposite side. There was considerable tissue de- 
struction but no demonstrable haemorrhage along the track of the 
lesion. The grey matter in the floor of the third ventricle, comprising 
the nuclei hypothalamicus periventricularis et ventro-medialis, had 
been extensively destroyed but the origin of the pituitary stalk was 
relatively intact. The nucleus. mammillo-infundibularis on the right 
side was damaged but the rest of the hypothalamic nuclei were 
uninvolved. 

Experiment 15. Operation February 26, 1934; Good Postoperative 

Recovery; Polydipsia and Disinclination to Eat; Sacrifice 3 Days 
Later; Multiple Haemorrhagic Erosions in the Body 
of the Stomach 

Brain Lesion: The lesion was entirely unilateral and confined to 
the oral parts of the tuberal region. The supra-optic nucleus and 
the nuclei hypothalamicus periventricularis et ventro-medialis on 
the left side had been damaged; there was no involvement of the 
mammiUo-infundibular nucleus or the posterior h3^othalamic re- 
gion. No evidence of haemorrhage could be seen in any of the 
sections. 

Discussion 

^ Positive evidence is brought forward here to show that in monkeys 
histologically verified lesions, confined to the tuheral nuclei, leaving all 
other hypothalamic nuclei intact, may lead to haematemesis and 
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multiple mucosal erosions in the body of the stomach. Several other 
cases with brain lesions, identical in localisation and extent, were 
unassociated with any recognisable gastro-intestinal pathology, It 
would appear that an irritative process caused by haemorrhage at 
the site of the hypothalamic injury is not a deciding factor in the 
production of gastric erosions, since such haemorrhage in the hypo- 
thalamus occurred in only i out of the 5 cases showing erosions, 
and since several cases with extensive haemorrhagic lesions revealed 
no evidences of pathology in the gastro-intestinal tract. In three 
experiments in this series with lesions confined to the posterior 
hypothalamic region, at autopsy no erosions were found in the 
stomach, but the cases are too few to warrant any statement re- 
garding the relation of the posterior hypothalamic nuclei to gastric 
ulcer. 

In the series of Watts and Fulton ® the injury in most cases in- 
volved the tuberal, supra-optic and paraventricular nuclei and, as 
in our series, no case of gastric erosions was encountered in associa- 
tion with posterior hypothalamic injury. In the experiments of 
Burdenko and Mogilnitzki^ the injury was made immediately 
behind the infundibular stalk, and in those of Keller, Hare and 
d’ Amour® at the level of the optic chiasma. The association of 
tuberal lesions with gastro-intestinal ulceration seems therefore 
established. 

Two interpretations have been advanced in the consideration of 
the neurogenic factor in the genesis of experimental gastric ulcer, 
one based on a conception of sympathetic hyperactivity, the other 
explaining the phenomena on groimds of parasympathetic hyper- 
activity. 

(i) Sympathetic Hyperactivity 

The Peripheral Mechanism: According to this view the sequence 
of events which leads to the production of gastric ulceration is 
believed to be overactivity of the sympathetic vasoconstrictors, 
spasm of the terminal vessels in the submucosa of the gastro- 
intestinal tract, with the production of multiple areas of ischaemia 
in the mucosa and digestion of the necrosed tissue by the acid gastric 
secretions, leaving small punched-but erosions. 

The Central Mechanism: In order to explain on the basis of this 
theor>’’ the association of erosions with hypothalamic injury, it is 
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necessary to consider either a “release” or an “irritation” of the 
sympathetic centres in the hypothalamus. The development of 
erosions within 24 hours of the brain injury can be interpreted 
equally well on the basis of an irritative or of a release mechanism, 
either of which can be assumed to exist immediately following the 
injury. It is, however, rather difficult to understand how the small 
lesions in the present series, which were confined to the tuberal 
nuclei, could have interrupted any great number of inhibitory fibres 
from higher centres. 

(2) Parasympathetic Overactivity 

The Peripheral Mechanism: Cushing ^ has summarised the possible 
mechanism by which h3q)eractivity of the parasympathetic appa- 
ratus may act in the production of gastric ulceration as follows: 
“Direct stimulation of the tuber or of its descending fibre tracts, or 
what theoretically amounts to the same thing, a functional release 
of the vagus from paralysis of the antagonistic S5mipathetic fibres, 
leads to h3q)ersecretion, h)q)erchlorhydria, h)q)ermotility and hy- 
pertonicity especially marked in the pyloric segment. By the spas- 
modic contractions of the musculature, possibly supplemented by 
accompanying local spasms of the terminal blood vessels, small 
areas of ischaemia or haemorrhagic infarction are produced, leaving 
the overl5dng mucosa exposed to the digestive effects of its own 
hyperacid juices.” 

The Central Mechanism: Hypothalamic lesions may lead to over- 
activity of the parasympathetic system either by direct destruction 
of the sympathetic centres, thus releasing the vagus from the an- 
tagonistic S 3 mpathetic activity, or by irritation of parasympathetic 
pathways in this part of the brain. Beattie and Sheehan ® showed 
that faradic stimulation of the anterior part of the hypothalamus in 
the fasting cat resulted in parasympathetic phenomena, i.e. in a rise 
of intragastric pressure which was followed by an increase of peri- 
staltic movements of the stomach. 

The lesions associated with gastric erosions in the present series of 
experiments were confined to the tuberal nuclei and it is difficult to 
see how they could have caused any marked destruction of the sym- 
pathetic centres which extend backwards into the posterior hypo- 
thalainic region. If the anterior hypothalamic region can be assumed 
tentatively as the location of parasympathetic discharge (Cushing,^ 
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Beattie then the evidence here is suggestive of an irritation of 
such parasympathetic pathways as the underlying mechanism, since 
ah the lesions were small and superficial in extent. Functional locali- 
sation in the hypothalamus is however not sufficiently clarified to 
warrant any final conclusion from the present study as to the exact 
mechanism involved. A study of the experimental production of 
gastric ulcer following peripheral nerve lesions shows that splanch- 
notomy is by far a more frequent cause than vagotomy (Cushing 
although vagal section has led to acute ulceration in the stomach and 
duodenum in some cases (Ferguson 

We have attempted to throw more light on the question by a 
pharmacological approach to the problem. For this purpose mon- 
keys {Macaca mulatta) have been subjected to repeated subcutaneous 
injections of (a) acetyl-j 3 -methylcholine chloride in amounts of 25 to 
50 mg. per kg. body weight, or (b) adrenalin 0.5 cc. of a i: 1000 
solution per kg., or (c) adrenalin 1.5 cc. of a 1:1000 solution per 
kg., with atropine 20 mg. per kg., or {d) pituitrin (surgical) i to 3 cc. 
(The injections of pituitrin were given in view of Dodds, Noble and 
Smith’s recent findings in rabbits.) The doses were given in each 
experiment every 2 to 3 hours for periods of 3 to 7 days. In no case 
were there observed at autopsy any erosions of the gastric mucosa 
comparable to the results obtained from hypothalamic injury. Al- 
though these negative findings cannot be accepted as conclusive evi- 
dence, and the cases are too few in number, nevertheless they indi- 
cate that states of profound overactivity of the sympathetic or of the 
paras3Tnpathetic system may exist for comparatively prolonged 
periods without the appearance of gastric erosions. 

In considering the neurogenic influences in the production of 
gastro-intestinal lesions it must not be lost sight of that a vasomotor 
disturbance is only one of many factors that undoubtedly plays an 
important role. The motility of the gastro-intestinal tract and the 
amount and nature of the digestive juices are under the direct in- 
fluence of the central nervous system. The influence of the vagus 
nerv^e on gastro-intestinal motility is usually looked upon as due to 
an augmentation of peristalsis and an inhibition of sphincteric 
action, while the sjonpathetic innervation to the gut is considered to 
act in an antagonistic manner. McSwiney^® considers, however, 
that it is possible to postulate the presence of motor and inhibitory 
fibres to the stomach in both the vagus and sympathetic nerves, and 
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that the immediate effects of vagotomy and splanchnotomy are 
similar, namely retardation of function. It is highly probable there- 
fore that there is no real fundamental opposition in the two views 
that have been advanced to account for the occurrence of gastro- 
intestinal lesions of nervous origin, and that the explanation may lie 
in a complex imbalance between the sympathetic and paras3an- 
pathetic systems. 


Summary and Conclusions 

1. In 1 6 monkeys, following hypothalamic injury, 5 animals 
showed multiple haemorrhagic erosions in the mucosa of the body of 
the stomach. 

2. The animals showed striking individual variations in the gen- 
eral postoperative condition. Those with gastro-intestinal lesions 
showed a disinclination to eat, their condition became progressively 
worse, and in three experiments death supervened in 24 to 48 hours. 

3. In all of the cases the erosions were confined to the stomach, 
none occurring in the duodenum. The erosions were multiple and 
haemorrhagic, entirely confined to the mucosa, and some showed a 
punched-out appearance. 

4- In three of the five experiments in which gastric erosions were 
present the stomachs showed considerable dilatation and atony, 
suggestive but not conclusive evidence of sympathetic activity. 

5- Histological examination of the hypothalamic injuries revealed 
that in all the animals showing gastric erosions at autopsy the 
lesions were small and confined to the tuberal nuclei. In only i of 
the 5 was the track of the injury haemorrhagic. Positive evidence 
is therefore advanced to show that histologically verified lesions, con- 
fined to the tuberal nuclei and leaving all other hypothalamic nuclei 
intact, may lead to haematemesis and multiple mucosal erosions in 
the body of the stomach. 

6. In a control series of over 50 monkeys subjected to many and 
varied types of non-hypothalamic cerebral lesions careful autopsy 
examination of the gastrointestinal tracts revealed only i case with 
gastric or duodenal ulceration, and this animal had been subjected 
to a bilateral motor and premotor extirpation 5 months prior to 
sacrifice and to transections of the spinal cord at the sixth thoracic 
and third cervical levels 5 weeks and 12 days (respectively) before 
autopsy. The consistently negative findings in the control experi- 
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ments would appear to lend greater significance to tlie association 
of gastro-intestinal lesions with injury to the hypothalamus or inter- 
ruption of descending autonomic pathways. 
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DESCRIPTION OF PLATES 
Plate 113 

Fig. I. Drawing to show the naked eye appearance of the mucosal surface of 
the stomach when first opened. The erosions are multiple and haemor- 
rhagic. (Experiment 9. Capuchin. Death within 24 hours after a hypo- 
thalamic lesion in the tuber cinereum.) 
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Gastric Erosions Following Hj^jothalamic Lesions 





Plate 114 

Fig. 2. Drawing to show the punched-out appearance of the gastric erosions, the 
bases of which are haemorrhagic. All were of recent origin and occurred 
chiefly on the dorsal wall of the stomach, extending from the oesophageal 
opening to about 2 cm. from the gastroduodenal junction. (Experiment 5. 
Capuchin. Death within 24 hours after a hypothalamic lesion confined to 
the tuberal nuclei.) 








FUNCTIONAL COR TRILOCULARE BIATRIA * 


REPORT or A CASE WITH A MALPOSITION OF THE SEPTUM 

IN THE VENTRICLES 

Dakeel Kornblum, M.D. 

{Frojn the Department of Pathology of the Brooklyn Jewish Hospital, Brooklyn, N. Y.) 

Cases of malposition of a defective septum in the ventricles, so 
that both atriums empty into a co mm on chamber, appear to form a 
definite entity. Twelve cases have been reported in the literature by 
Hohnes,^ Peacock,^ Favorite,^ von Rokitansky^ (2 cases), There- 
min,® Chiari,® Mann,^ Marchand,® MiUs ® and Spitzer^® (2 cases). 
These hearts have been designated as cases of functional cor trilocu- 
lare biatria. In all these cases the septum was placed to the right, 
separating a smaU right ventricle from a large left ventricle in which 
both auriculoventricular orifices were present. In the first case re- 
ported (Holmes ^) the pulmonary artery arose from the small right 
chamber. In the remaining cases the aorta arose from the latter in 
transposed relation to the pulmonary artery. The writer has had 
the opportunity to study a heart which is unique in that the septum 
was displaced to the left instead of to the right. The aorta arose 
from the small left chamber and was in a transposed relation to the 
pulmonary artery, which sprang from the large right ventricle. The 
right chamber contained both venous orifices. With certain asso- 
ciated anomalies this heart produced a complex picture, and an 
attempt will be made in this paper to trace its development in the 
light of recent researches on the embryology of the heart. 

Report of Case 

Clinical History: Baby girl, K. M., aged 5 months, was admitted to the 
Pediatric Service of the Brooklyn Jewish Hospital on Nov. 1, 1931, with a his- 
tory of malnutrition since birth, cough and coryza of i weeks duration, and 
cyanosis of the lips for 2 days. 

The mother of the child was 30 years of age and in good health. She had 
one other child, aged 7 years, living and well. Following the birth of this baby, 
she had three miscarriages, the first two at 3 months and the third at 4 
months. She then gave birth to a full term infant who had a large head and 
cfied in convulsions s hours postpartum. 

* Received for publication lyiarch 6, 1935. 
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The patient was born spontaneously at full term. There was no history of 
any birth injury but she was markedly cyanotic at birth and was resuscitated 
with difficulty. Her birth weight was 7 pounds 4 oz. She was ill since birth and 
failed to gain weight, taking all her feedings poorly, each of which was vomited, 
the vomiting sometimes being projectile in type. When the baby was 2 months 
of age a physician said she had an enlarged heart, which was confirmed by 
fluoroscopy. She always had very cold extremities. Two weeks before admis- 
sion she developed a cough and coryza which persisted, but cyanosis, absent 
since birth, did not reappear until 2 days before admission. 

On admission, examination revealed an acutely ill, marasmic infant, slightly 
cyanotic. A mucopurulent discharge from the nose was present and the pharynx 
was very congested. There was a diminished percussion note over the left chest. 
Bronchial breathing and numerous crepitant rales were present in several parts 
of the lung. The right border of the heart was percussed at its farthest point, 
3 cm. from the midline, and the apex 1.5 cm. to the left of the left midclavicular 
line in the fifth interspace. The apex beat was diffuse and heaving, and a pal- 
pable systolic thrill was present over the entire precordium, but most marked at 
the apex. The heart sounds were of good quality, rapid and regular. A loud, 
moderately high pitched, rough systolic murmur was heard over the entire 
precordium, being most marked at the apex. The spleen and liver were not 
palpable. The extremities were very cold. No deformities were present. A 
clinical diagnosis of congenital heart disease, acute nasopharyngitis, acute 
bronchopneumonia, and marasmus was made. A blood transfusion was given, 
but the child grew progressively worse and died Nov. 13, 1931, after 12 days 
in the hospital. The temperature throughout remained normal and subnormal, 
except for an ante mortem rise. Cyanosis was never marked. 

The blood count was 3,880,000 erythrocytes, 20,500 leukocytes, 76 per cent 
polymorphonuclear neutrophiles and 22 per cent lymphocytes. The hemoglobin 
was 58 per cent (Dare). The urine showed i plus albumin. Tuberculin, Schick, 
Wassermann and Kahn tests and nose and throat cultures were negative. 

X-rays of the chest revealed a bronchopneumonia. The cardiac shadow was 
reported as broadened shghtly to the right and considerably to the left, the gen- 
eral condition suggesting the presence of congenital heart disease. There was 
no evidence of luetic changes in the X-ray plates of the extremities. 

Electrocardiographic studies, unfortunately, were not made. 


Autopsy Report 

The body is that of a well developed, emaciated female infant of 
6 months, 60 cm. in length, weighing 7 lbs. and 9 oz. The skin is 
slightly cyanotic. The th)Tnus weighs 2 gm. and appears normal 
on section. Both lungs show numerous, well demarcated patches of 
reddish brown color which microscopically show exudation of fluid, 
fibrin, red blood cells and leukocytes into the alveoli. The remain- 
ing organs show varying degrees of congestion and cloudy swelling 
of the parenchyma. 

Heart: The heart weighs 4 gm. Notes on the position of the heart 
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in the body are lacking. Viewed anteriorly, the organ appears as a 
right angle triangle with the right angle in the upper left portion 
where the aorta emerges. The left border of the ventricle, 6 cm. 
long, descends almost vertically while the right border, 7.5 cm. long, 
curves downward from right to left forming the hypotenuse. The 
heart appears rather pale red in color, is firm in consistence, and 
there is a diminished amount of fat in the auriculoventricular sulcus. 
The visceral and parietal pericardiums are smooth and glistening, 
and no defects or adhesions are present. There is a normal quantity 
of clear fluid in the pericardial sac. 

The atriums are present in their normal position, and their append- 
ages curve normally on either side of the great vessels. The largest 
circumference of the right atrium is 4 cm. The entrances of the 
superior vena cava, inferior vena cava and the coronary sinus are in 
their normal relations, and no anomalies of the venous valves are 
present. There is a slight valvular patency of the foramen ovale. 
The left atrium is 4.5 cm. in its largest circumference and shows no 
pathological changes. It receives four pulmonary veins in their 
normal relations. 

On opening the ventricles posteriorly, it can be seen that the 
septum is displaced to the left, dividing approximately the right 
four-fifths of the heart from the left one-fifth, producing a small 
chamber on the left and anteriorly (which gives off the aorta) and a 
large chamber on the right and posteriorly. In the latter, both 
auriculoventricular orifices and the orifice of the pulmonary artery 
are present (Fig. i). 

The ventricle of the left side is reduced in size to a small cone 
1.5 cm. long, the base of which is occupied entirely by the root of 
the aorta which is 2 cm. in circumference. The trabeculae on the 
anterior wall are prominent. Those posteriorly are flattened and 
the septal wall is smooth. 

The ventricle on the right side is about four times the size of that 
on the left and is also conical m shape. The myocardium measures 
1 cm. at its thickest portion near the base posteriorly and is thinned 
to 4 mm. near the apex. There can be distinguished two papillary 
muscles in close approximation on the anterior wall, one on the 
lateral, and two on the posterior wall. On the septal wall there is a 
low band of muscle 0.5 cm. wide and 2 cm. long, continuous with 
the aortopulmonary septum, and coursing downwards, anteriorly. 
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toward the right, to end in the anterior wall. The remaining portions 
of the inner aspect of the ventricular walls are traversed by fine in- 
terlacing strands of muscle and fibrous tissue, except for the septal 
surface which is smooth. 

The auriculoventricular orifice on the right side is 3.5 cm. in cir- 
cumference and is occupied by a large medial cusp, the base of which 
is attached to the free edge of the interauricular septum, and a long, 
narrow, lateral cusp in which individual cusps cannot be identified. 
The medial cusp is attached anteriorly to the medial of the two 
anterior papillary muscles, and posteriorly to the muscle on the lat- 
eral wall. The lateral cusp is attached to both the two posterior 
and the lateral muscles. On the left side there is also a medial and 
a lateral cusp. The former is attached to the free edge of the in- 
teratrial septum on a base in common with that of the medial cusp 
of the right side. Posteriorly the former cusp is connected to the 
right posterior papillary muscle, while anteriorly it is joined to the 
superior wall of the septal defect (the aortopulmonary septum) by 
short chordae. The lateral cusp is similarly attached anteriorly, 
while posteriorly it is connected to the large, left, posterior muscle. 

The septum (Fig. 1) is roughly triangular in shape, 2.5 cm. wide 
at the base, 5 cm. long, 0.5 cm. thick, and is curved slightly from 
left to right, so that its concavity looks to the right and posteriorly. 
Its apex is on the left border of the heart about 1.5 cm. from the 
apex of the heart. The base is attached to the ventricular walls by 
an anterior and a posterior root. The former is attached to the right 
auriculoventricular orifice at the anterior end of the common base 
of the medial cusps of both auriculoventricular openings. The pos- 
terior root is attached to the posterior ventricular wall, caudal and 
to the left of the anterior attachment. Between these two roots the 
base of the septum forms a free falciform edge. The aortopulmonary 
septum from above meets this edge in the following way: anteriorly 
the former is in a plane shghdy more anteroposterior than that of 
the interventricular septum, and thus its attachment to the anterior 
ventricular wall is to the left of the anterior root of the septal base. 
A triangular depression (Fig. 1) is thus formed on the anterior ven- 
tricular wall between the aortopulmonary septmn on the left and 
the anterior root of the interventricular septum on the right. The 
orifice of the pulmonary artery is bounded anteriorly by the base of 
this triangular depression, and posteriorly by the common base of 
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the medial auriculoventricular cusps. Posteriorly the aortopul- 
monary septum is the plane of the interventricular septum, but fails 
to join with it, resulting in a defect 1.2 cm. in diameter which con- 
nects both ventricles. This defect is roughly diamond-shaped and 
completely surrounded by muscle, above by the aortopulmonary 
and below by the interventricular septum. 

The pulmonary orifice (Fig. i) is to the right and posterior to the 
aortic orifice. The great vessels maintain this relation as they course 
distaUy. No torsion is present. Thus, distally they are in their 
normal relation, while proximally their normal positions are re- 
versed. 

The semilunar cusps are normal in size, shape and number. The 
non-coronary cusp is placed anteriorly. 

The coronary arteries and veins are not injected, and only the 
larger vessels can be distinguished. The right coronary artery 
emerges from the right aortic sinus and gives off immediately in the 
auriculoventricular sulcus a large branch, which descends toward the 
left on the anterior surface of the heart to the apex. Near its origin 
this branch gives rise to another branch which descends toward the 
right, dividing into several tributaries. The artery continues in 
auriculoventricular sulcus around the right border of the heart, 
giving off in its course several short branches which descend toward 
the apex. 

The left coronary arteiy arises from the left aortic sinus and 
courses toward the left in the auriculoventricular sulcus for 1.5 cm. 
where, at the junction of the left atrium and its appendage, it gives 
off a large branch which descends on the posterior surface toward 
the left border and the apex. It divides into several branches near 
the apex, which course around the left border to mingle with the 
branches of the anterior descending artery. The remaining small 
portion of the artery courses in the auriculoventricular sulcus to- 
ward the right coronary, giving off several short descending 
branches. No abnormality was noted in walls of the vessels. 

The coronary sinus courses posteriorly in the auriculoventricular 
sulcus, toward the left border. 

Microscopic examination of the heart muscle revealed no lesions. 
No attempt was made to trace the course of the conduction system. 
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Discussion 

Let us first direct attention to the corrected transposition of the 
great vessels that exists in this heart. By corrected transposition of 
the main trunks is meant that condition in which the two vessels 
exist in reverse relation to each other (the aorta being placed an- 
teriorly instead of posteriorly in relation to the pulmonary artery) 
yet spring from the ventricles to which they normally belong. Ex- 
amples of this condition are of rare occurrence, there being only 
21 reported in the literature. Robertson, Sato^^ and Spitzer^® 
have accounted for their occurrence by supposing that a situs in- 
versus of the ventricles occurs with a transposition of the great 
vessels (the atriums remaining in their normal position), so that the 
right or tricuspid ventricle is formed on the left side but still gives 
rise to the aorta; and similarly, the left or bicuspid ventricle forms 
on the right side and gives rise to the pulmonary artery. Von Roki- 
tansky ^ labelled these cases as corrected transposition of the great 
vessels, since he did not draw the distinction between bicuspid and 
tricuspid ventricles, calling a ventricle on the right side the right 
ventricle, even though it had a bicuspid valve and no conus. He 
believed that the correction was due to a sympathetic adjustment 
of the interventricular septum with the bulbar septum, so that the 
great vessels opened into their proper ventricles. However, the view 
that corrected transposition is produced by an independent situs 
inversus of the ventricle loop seems well established, especially since 
in the reported cases there is characteristically a reversal of the 
auriculoventricular cusps and an absence of the conus arteriosus in 
the right ventricle. In a heart described recently by Wahnsley 
there is additional evidence of an independent situs inversus of the 
ventricles besides a reversal of the auriculoventricular cusps which, 
alone, cannot be taken as good evidence. Wahnsley lists, in describ- 
ing his heart, a reversal of the internal conformation of the ventri- 
cles, a reversal in the forms of the auriculoventricular bundle, a 
reversal of the coronary artery fields, and a left-sided position of the 
interventricular septum, so that the pars membranacea is placed 
between the left atrium and right ventricle, instead of between the 
right atrium and left ventricle. Thus, because of the presence of a 
corrected transposition of the great vessels, it is believed that a 
ventricular situs inversus exists in this heart. Additional evidence 
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of this condition will be seen in studying the other existing mal- 
formations. 

Let us turn now to a consideration of the development of the 
septum on the right side, as was present in the reported cases of func- 
tional cor triloculare mentioned above. Cases have been described 
in which there was also a septum separating the conus from the sinus 
of the right ventricle. This septum is explained by Keith as a per- 
sistence of the lower bulbar orifice. It exists ordinarily in reptiles. 
It usually shows much fibrous thickening in the human heart, and 
so it has been thought to be due here to inflammatory contraction 
of the conus. However, the septum may be muscular, as in a case 
reported by Bohm,^® in which the sinus was separated from the 
conus by a muscular ridge. This septum may also exist with an 
interventricular septum, as in the 2 cases reported by Mackenzie 
of hearts with ''three ventricles,^’ and in a case reported by Dudzus^^ 
of a heart with "four ventricles.” In the hearts with functional cor 
triloculare reported by Young and Peacock,^ in addition to the 
right-sided septum, a low muscular ridge was present in the normal 
position of the interventricular septum. Thus, these authors con- 
sidered that the right-sided septum represented the persistent lower 
orifice of the bulbus cordis and had grown entire, separating the two 
portions of the right ventricle, while the development of the inter- 
ventricular septum had been arrested. Spitzer believed that the 
right-sided septum in his cases, called by him "mixed transposition” 
of the great vessels, was a septum spurium formed by the fusion of the 
h^ertrophied crista supraventricularis and the anterior tricuspid 
ndge, while the true interventricular septum was rudimentary or 
entirely absent. His theory fails to account for the condition in the 
heart reported by Holmes, mentioned above, in which the mal-. 
position of the septum was present without a transposition of the 
vessels.* 

^ Abbott made a study of the heart reported by Holmes and a 
sunilar heart in the museum of the Harvard Medical School, and 
came to the conclusion that, in these specimens at least, the strong 
muscular wall with a large defect at its upper border through which 

Sdi> as Walmsley points out, in corrected transposition of the vessels 

the anterior part of the interventricular septiun to be formed from 
although the latter should be formed posteriorly on ac- 
PYi'ef.. Uie presence of the situs inversus of the ventricles, which Spitzer believes 
exists in these cases. 
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the small cavity communicated with the large common ventricle, 
was simply the malposed interventricular septum. Similarly, in the 
heart reported here, that the septum was the true interventricular 
septum is strongly evidenced by the fact that it was a strong muscu- 
lar wall with a free falciform edge at its base which, anteriorly, was in 
relation to the anterior endocardial cushion, and posteriorly to the 
right bulbar ridge, the conditions closely resembling those present 
in the embryo (Fig. 2) . It is evident that the malposition was either 
due to a growth of the septum primarily in its position to the right 
of the right auriculoventricular orifice, or else was brought there in 
the development of the heart from its normal or abnormal position. 

Abbott considered that a septal defect, produced by failure of un- 
ion of the aortic with the interventricular septum, would, as she 
stated in 1901,^° bring the blood of both atriums to the left ventricle 
which, thus having an increased amount of work, would enlarge 
greatly and bring the defective septum, in the further development 
of the heart, to the right. It is not clear from this description why 
the septum should be displaced to the right side of the tricuspid 
orifice from the left side where it was attached. Interventricular 
septal defects are relatively common, yet they are rarely associated 
with displacement of septum to the right of the tricuspid orifice, and 
never with sufficient enlargement of the left ventricle to bring it 
there. One cannot conceive how, in view of the dynamics of the 
circulation, the interventricular septum can be brought across a 
venous orifice in the development of the heart. 

In view of these considerations it is necessary to assume that the 
alternative occurs, namely that the septum develops primarily to 
the right of the right auriculoventricular orifice. Normally in the 
early stages of the development of the heart the posterior border of 
the septum becomes closely attached to the left side of the right 
auriculoventricular opening (Fig. 2), but if for some reason it had 
grown only slightly farther to the right it would have been brought 
into relation with the right bulbar ridge on the right side of the 
auriculoventricular opening. Then if development continued the 
usual way, the bulbar ridges fusing with each other and with the 
interventricular septum, the right auriculoventricular ostium would 
remain in the left ventricle along with the mitral orifice, and there 
•would be present on the right side a small chamber -without a venous 
orifice. In most of the reported cases of this condition detailed de- 
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scriptions are unfortunately lacking of the region of the attach- 
ments of the interventricular and aortopulmonary septums, and • 
httle evidence can be adduced from them in support of the above 
hypothesis. 

The anatomical configuration of the heart reported here indicates 
that the position of the interventricular septum has been the result 
of a process such as that described above, but in the presence of a 
situs inversus of the ventricles. The anterior attachment * of the 
base of the interventricular septum remains in its normal position 
at the anterior end of the common base (Fig. i) of the median cusps 
which represents in this heart the fused primitive auriculoventricular 
cushions. However, the posterior attachment, instead of being to 
the right of the left auriculoventricular orifice in relation to the 
posterior end of the common base of the median cusps, i.e. the prim- 
itive posterior endocardial cushion, becomes placed to the left of the 
left venous ostium joining with the posterior bulbar ridge.f The 
falciform edge which forms the inferior border of the primitive inter- 
ventricular foramen can be traced in this heart between these two 
attachments (Fig. i), so that the foramen resembles its early form 
except that, due to the left side displacement of the posterior attach- 
ment, it is in a plane placed obliquely from right anterior to left 
posterior, instead of the almost sagittal plane in which it is normally 
placed. The aortopulmonary septum, due to its malrotation, be- 
comes placed in a plane more anteroposteriorly than the septum, so 
that the anterior ridge becomes attached to the left of the anterior 
root of the interventricular septum, instead of coming in direct re- 
lation to it (Fig. i). Thus, there exists a condition which represents 
an arrest in development from the embryonic heart, i.e. the blood 
passes over the base of the interventricular septum and in front of 
the fused endocardial cushions to reach the pulmonary channel, 
which normally would be the aortic channel. The remaining por- 
tions of the aortopulmonary and interventricular septa fail to fuse, 
so that the two bulbar ridges superiorly, and the interventricular 
septum inferiorly, form the roughly diamond-shaped opening be- 
tween the ventricles (Fig. i), as described in the heart reported 
by Holmes. In this way these anatomical peculiarities which exist 

in correspond to the posterior portion of the septum with the ventricles 

i position. 

would be more clearly conceived if one looks at Fig. 2 through a mirror or 
trom the reverse side of the page. 
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in the heart reported in this paper are explained on a basis of a 
primary attachment of the posterior portion of the interventricular 
septum to the left of the left auriculoventricular orifice (instead of 
to the right of the right orifice if it had taken place in the normal 
position of the ventricular loop). 

The median tendon or papillary muscle which, according to 
Mall ^ is the most constant attachment of the tricuspid valve, is 
present in this heart as the connection between the medial and 
lateral cusps of the left valve with the aortopulmonary septum. 
This valve thus corresponds to the tricuspid valve of normal hearts, 
even though only two cusps can be distinguished. In independent 
situs inversus of the ventricular loop the auriculoventricular orifices 
remain in their normal position along with the atria, but since the 
connection of the median tendon is brought between the left valve 
and aortic septum, this valve instead of the right one is transformed 
into a tricuspid valve. The determination of the papillary muscles 
in this heart is difficult in view of the changes in their position and 
conformation brought about by the formation of a common ventri- 
cle. The two papillary muscles on the posterior wall and muscle on 
the lateral wall possibly represent, as is seen from their attachments 
to the right auricxiloventricular valve, the anterior and posterior 
papillary muscles respectively of the normal heart, which are re- 
versed due to the situs inversus. The anterior muscles similarly 
possibly represent the divided large papillary muscle that exists in 
the normal heart in the right ventricle. The presence of the non- 
coronary aortic cusp anteriorly is due to the failure of torsion of the 
great vessels. 

Lewis and Abbott attempted to explain the difference that 
exists between the heart reported by Holmes, without transposition 
of vessels, and the remaining hearts of this type of cor triloculare 
which had a complete transposition of great vessels by assuming 
that the latter hearts were developed upon a reversed ventricular 
loop produdng the transposition of vessels, while the heart reported 
by Hohnes was developed in the normal position. But it is not clear 
from their models how both variations would produce a septum on 
the right, as exists in aU those hearts. A reversal of the ventricular 
loop would bring the septum and great vessels to the left, as de- 
scribed in the reported specimen. No evidence is described of a situs 
inversus of the ventricles in these hearts. It appears, then, that the 
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process they believed took place in the hearts with complete trans- 
position of the vessels with displacement of the septum to the right, 
actually took place in this heart, producing a septum on the left and 
a corrected transposition of the great vessels. In the former hearts, 
and also in that reported by Holmes, the right-sided septum occurred 
with the ventricles in their normal position. With the exception of 
the heart reported by Holmes, transposition of vessels has always 
occurred with this type of functional cor triloculare. The transposed 
relationship is frequently present in true three-chambered hearts. 

Thus, the major abnormalities that exist in this heart are accounted 
for, and the steps in their pathogenesis are explained on the basis of 
a transposition of vessels occurring with a situs inversus of the ven- 
tricles and a primary malposition of the interventricular septum. 

The clinical manifestations of functional cor triloculare are similar 
to those of true three-chambered hearts. Both varieties are com- 
patible with fairly long life. The maximum age of the ii individuals 
m the cases mentioned above was 23 years, the minimum, 9 weeks. 
Cyanosis, although at times severe, was usually present only to a 
slight degree, indicating a relatively small amount of free admixture 
of venous and arterial blood in these hearts. Clubbing of the fingers 
was absent or slight. Murmurs were inconstant, and the physical 
signs were not characteristic. Suffocative attacks were a frequent 
occurrence. Cardiac decompensation was the usual terminal event. 


Summary 

A case is presented of functional cor triloculare biatria in which 

the interventricular septum was displaced to the left, dividing a large 

^ght chamber containing both auriculoventricular orifices and the 

pulmonary artery from a small left chamber which gave rise to the 
aorta. 

The clinical manifestations of this anomolous heart are presented 
and Its pathogenesis is discussed. 


Note : The author wishes to thank Dr. Max Lederer for his many 
^ ^^Sgostions in the preparation of this paper, and Dr. Maude 
ott for her helpful criticism. 
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Plate 115 

I, Diagrammatic drawing of heart viewed posteriorly, the auricles having 
been removed, leaving the auriculoventricular rings without the valves. 
A window is cut in the posterior wall of the right ventricle. 

Ao. = aorta; Ao-Pul. Sept. = aortopulmonary septum; C. B. = com- 
mon base of median cusps of both auriculoventricular orifices and free 
edges of interauricular septum; I. R. = interventricular foramen; L. A. 
V. R. = left auriculoventricular ring; L. V. = left ventricle; Pul. = pul- 
monary artery; R. A. V. R. = right auriculoventricular ring; R. V. = 
right ventricle; Sept. = septum in the ventricles; T. D. = triangular 
depression. 

. 2 . Showing method of division of bulbar region and formation of aortic 
vestibule. 

a = left bulbar ridge; b = right bulbar ridge; a v. = auriculoventric- 
ular orifice; T = right tricuspid orifice; V. S. = ventricular septum; 
V. C. = ventral endocardial cushion; I. F. = interventricular foramen 
(from Buchanan p a = pulmonary artery; r = right bulbar cushion; 
1 = left bulbar cushion; ao = aortic opening. 





Plate ii6 


Fig. 3 A. Posterior view of heart with posterior wall elevated, exposing the 
interior of the right ventricle and both atria. 

Fig. 3 B. Left anterolateral view of heart showing interior of left ventricle and 
aorta. 
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AN IMPROVED TECHNIQUE FOR SILVER IMPREGNATION 
OF RETICULUM FIBERS* 

Helenor Campbele Wilder 
{From the Arhy Medical Museum, Washington, D. C.) 

The argentation of reticulum fibers as an aid in the classification 
of tumors has been in use in this laboratory since 1924, Foot’s ^ 
technique has been the routine method employed; Laidlaw’s® 
method has been used occasionally. It has been previously reported 
(Wilder that glia cells in paraffin sections of formalin-fixed tissues 
may be impregnated, rapidly and without the use of heat, by sen- 
sitization with uranium nitrate prior to the exposure to ammoniacal 
silver (Foot’s silver diammino hydroxid). The method presented in 
this paper is based on Foot’s reticulum stain and the sensitization 
method for glia. It is very rapid and stains the finest reticulum 
fibers with great precision, coUagen appearing rose-colored as in 
Foot’s stain. It is applicable to formalin or Zenker-fixed tissues and 
to paraffin, celloidin and frozen sections. The problem of preventing 
sections from washing off the slides in ammoniacal silver has been 
solved in some measure by reduced exposure to this solution and 
the elimination of heat. However, the first loosening of the section 
occurs in the potassium permanganate solution and, even with this 
new method, occasional sections affixed with glycerine-albumin do 
not adhere throughout the subsequent procedures. In the staining 
of these difficult sections it has been found that substitution of 
phosphomolybdic add for potassium permanganate in the pre- 
treatment gives satisfactory results and does not loosen the sections. 
We use hydrobromic acid rather than oxalic acid following either 
potassium permanganate or phosphomolybdic acid, although this 
step may be entirely omitted with but slight loss of definition after 
phosphomolybdic acid. Both methods are given in the following out- 
line because the phosphomolybdic acid variation has not been in 
use a sufficient length of time to afford an accurate comparison with 
the results obtained by potassium perriianganate, particularly on 
celloidin and frozen sections. 

* Received for publication April 8, 1935. 
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Technique 

Fixation: Fix tissues in lo per cent formalin, acetic-Zenker or 
formol-Zenker. 

Embedding Tissues, Cutting am,d Mounting Sections: Embed in 
paraffin or celloidin, or cut frozen sections. Paraffiin sections are 
mounted according to the routine method -with Mayer’s glycerin- 
albumin and are run through xylol, graded alcohols and distilled 
•water before staining. Celloidin sections may vary in thickness from 

4 to 30 microns. The thick sections give a better idea of the density 
of the fibers in some tumors. They are stained in dishes before 
mounting. Frozen sections may be stained in dishes before mount- 
ing, or mounted on slides and attached "with thin celloidin before 
staining. 

Pretreatment: Place the sections in 0.25 per cent potassium per- 
manganate or in 10 per cent phosphomolybdic acid for i minute. 
Pinse in distilled water and place in hydrobromic acid (Merck’s 
concentrated, 34 per cent, i part; distilled water, 3 parts) for i 
minute. Hydrobromic acid may be omitted following the use of 
phosphomolybdic acid. 

Sensitization: Wash in tap water, then in distilled water and dip in 
I per cent uranium nitrate (sodium free) for 5 seconds or less. 

Impregnation: Wash in distilled water 10 to 20 seconds and place 
in silver diammino hydroxid (Foot ®) for i minute: 

To 5 cc. of 10.2 per cent silver nitrate add ammonium hydroxid 
drop by drop until the precipitate which forms is dissolved. Add 

5 cc. of 3.1 per cent sodium hydroxid and just dissolve the resulting 
precipitate -with a few drops of ammonium hydroxid. Make the 
solution up to 50 cc. with distilled water. 

Reduction: Dip quickly in 95 per cent alcohol and reduce for 
1 minute in the foUo'wing solution: 

Distilled water, 50 cc.; 40 per cent neutral formalin (neutralized 
•with magnesium carbonate), 0.5 cc.; i per cent uranium nitrate, 
1.5 cc. 

Toning: Wash in distilled water and place in 1: 500 gold chloride 
(Merck’s reagent) 1 minute. Rinse in distilled water. Place in 5 
per cent sodium thiosulphate (hjqjosulphite) i to 2 minutes. 

Counter simning and Mounting: Wash in tap water; coimterstain, 
if desired, -with hematoxylin and Van Gieson, or hematoxylin and 
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eosin; dehydrate in alcohol. Clear in xylol and mount in balsam. 
The use of ammonia must be avoided in blueing sections after hema- 
toxylin as it dissolves the silver. 

The use of distilled water and dean glassware for all solutions is 
essential. AH the solutions may be used repeatedly and kept in 
Coplin jars for several days. The solutions keep without disintegrat- 
ing in amber glass-stoppered bottles for an indefinite time. 

Summary 

Sensitization of sections with uranium nitrate before silver im- 
pregnation has reduced the time required for staining reticulum 
fibers to lo minutes and has eliminated the necessity of heating the 
ammoniacal silver. In this way the difficulty of staining sections 
which are inclined to wash off the slides has been greatly lessened. 
The substitution of phosphomolybdic acid for potassium perman- 
ganate is recommended for such sectio^is as still persist in coming off 
the slides. 

In our experience hydrobromic acid substituted for oxalic acid in 
the pretreatment, and uranium nitrate substituted for the sodium 
carbonate of Foot’s reducing solution, have improved the staining of 
argyrophil fibers. 

The method presented here is now in routine use in this laboratory. 
It has proved a time saver and has given even more satisfactory 
results than the older methods. 
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Plate 117 

Fig. I. Silver impregnation of reticulum fibers in a lymph node from a case of 
reticulum cell leukosarcoma. The slide was stained by the uranium nitrate 
sensitization method following potassium permanganate and hydrobromic 
acid. A.M.M. Neg. No. 63006. x 215. 

Fig. 2. A slide from the same block stained by the uranium nitrate sensitiza- 
tion method following phosphomolybdic acid, without hydrobromic acid. 
A.M.M. Neg. No. 63006. x 215. 
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SCIENTIFIC PROCEEDINGS OF THE 
THIRTY-FIFTH ANNUAL MEETING 

OF THE 

AMERICAN ASSOCIATION OF PATHOLOGISTS AND 

BACTERIOLOGISTS 


Held at Cornell University 
Medical College, 

New York City, 

April i8 and 19, 1935 



THE AMERICAN ASSOCIATION OF PATHOLOGISTS 

AND BACTERIOLOGISTS 

ABSTRACT OF BUSINESS SESSION, 

President Boyd in the Chair 

The Secretary presented the 

nomination of the Council for 

ofldLcers as follows: 


President 

S. Btirt Wolbach 

Vice-President 

N. Chandler Foot 

Treasurer 

F. B. Mallory 

Secretary 

Howard T. Karsner 

Incoming Member of Council 

C. V. Weller 

Assistant Treasurer 

Frederic Parker, Jr. 

Assistant Secretary 

Alan R. Moritz 

Voted unanimously to elect those nominated. 

Voted to elect the following new members: 

William Antopol 

WiUard S. Hastings 

Francis Bayless 

Hardy A. Remp 

Allan W. Blair 

Gustavus H. Klinck, Jr. 

Alfred Blumberg 

Enrique Koppisch 

Paul Brindley 

Leila C. Knox 

Osborne A. Brines 

Marshall M. Lieber 

Edward M. Butt 

James B. McNaught 

Jefferson H. Clark 

John E. McWhorter 

Marion C. Corrigan 

Perry J. Mehiick 

Alvin J. Cox, Jr. 

W. J. Nungester 

Dominic A. DeSanto 

Leland W. Parr 

Claude E. Dolman 

Coleman B. Rabin 

Joseph C. Ehrhch 

Ra3Tnond S. Rosedale 

Whey D. Forbus 

Samuel H. Rosen 

Thomas Francis, Jr. 

Sol R. Rosenthal 

WiUiam Freeman 

Hollis K. Russell 

Harold Gordon 

Samuel Sanes 



Gordon H. Scott 
Richard E. Shope 
Douglas H. Sprunt 


William S. Stanbury 
Ernst Witebsky 
Kjrikor Yardumian 


It was also voted to reinstate Drs. Donald T. Fraser, DeWayne 

G. Richey and J. H. Pratt. 

Voted to accept with regret the resignations of Drs. B. L. Arms, 
L. R. Jones, E. 0 . Jordan, R. H. Major and G. F. Ruediger. 

Voted to record with deep regret the deaths of Drs. James Coupal, 
N. C. Davis, F. S. Jones, Ernest Scott, Theobald Smith, and William 

H. Welch. 

Voted that the Symposium next year be on the subject of In- 
flammation. 

Voted to request Dr. Arnold R. Rich as referee. 

Voted to accept the invitation of Drs. F. B. Mallory and Frederic 
Parker, Jr., to meet in Boston April 9 and 10, 1936. 

The Secretary pointed out that through the death of Dr. Theobald 
Smith a recipient of the Gold Headed Cane of the Association 
should be selected. It was unanimously voted to select Dr. Frank 
Burr Mallory for this honor. 

Voted to elect Dr. Frederick P. Gay as representative of this 
Association on the Committee of Type Culture Collection. 
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A Virus Disease of Owls. R. G. Green, Minneapolis, Minn. 

Abstract. From a great horned owl {Btibo virginiamis) found dead in the wild, a 
disease was experimentally transmitted to a second great horned owl and to’^a 
screech owl (Ottis 'asio). Attempts to transmit the disease to a great gray owl 
(Scotiaptex nehtilosa), pigeons and guinea pigs met with failure. The liver and 
spleen of the owl dying of the natural infection were studded with fine abscesses. 
Microscopic examination of the organs showed the liver to contain many micro- 
scopic abscesses. In the peripheral zone of the abscesses were many intranuclear 
inclusion bodies involving principally hepatic cells and occasionally an endo- 
thelial cell. Similar inclusion bodies were found in the livers of both owls ex- 
perimentally infected. The distinctive nature of the intranuclear inclusions 
leaves no doubt that the infection is to be classed as a virus disease. The studies 
were carried out with Dr. J. E. Shillinger. 

Discussion 

(Dr. Francis G. Blake, New Haven.) Have you any indication as to the nat- 
ural method of transmission of the virus? 

(Dr. Thomas M. Rivers, New York City.) I should like to suggest, inasmuch 
as there is a virus disease of parakeets in Brazil exactly like that described by 
Dr. Green, that he attempt to transmit it to parakeets. Might you not find 
them a susceptible host? 

(Dr. Green, closing.) Unfortunately as this virus was lost we were unable to 
carry out extensive studies on transmission, and we have no indication as yet 
as to how the disease is transmitted. 

I appreciate Dr. Rivers’ suggestion. We are carrying out extensive studies of 
wild life, and owls are continuously under observation. We have maintained a 
stock of horned owls now for 2 years, hoping to meet this virus again. 

A Filtrable Virus from White Mice. Erich Traub (by invitation), Prince- 
ton, N. J. 

Abstract. If mice from our apparently healthy breeding colony are given an in- 
tracerebral inoculation of sterile bouillon a small proportion die after showing 
characteristic symptoms. Death is due to a filtrable virus which can be trans- 
mitted in series by intracerebral inoculation in mice and guinea pigs. The latter 
can also be infected by material injected subcutaneously or intranasaUy and are 
the best animals to use in detecting the virus. Rats inoculated intracerebraUy 
develop the disease. 

The outstanding pathological changes in experimentally infected mice are a 
marked meningitis and infiltration of the chorioid plexus with mononuclear 
cells, mostly lymphocytes. The virus is present in the blood and urine of dis- 
eased mice as weU as in the central nervous system. 

82s 
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The pathological changes in guinea pigs are similar to those in mice, except 
that ceUular infiltration of the meninges and chorioid plexus is much less marked 
than in mice. Acidophilic intranuclear inclusions were found in guinea pigs in 
meningeal cells, in mononuclear cells present along the meninges, in adventitial 
cells of meningeal vessels, in glia cells near the pia mater and, very rarely, in 
epithelial cells of the chorioid plexus. Pneumonia of the virus t3T)e is frequent 
in guinea pigs inoculated intranasally, intracerebrally, or subcutaneously with 
virus. 

Cross-neutralization experiments show that our virus is serologically identical 
with the virus of lymphocytic choriomeningitis described by Armstrong {Puh. 
Health Rep., 1934, 49, 1019). It has further been found that the blood serum of 
the man who takes care of our breeding mice neutralizes the virus recovered 
from the stock. 


Discussion 

(Dr. Thomas M. Rivers, New York City.) I think Dr. Traub’s virus is of 
interest for two reasons: first, individuals who are working with viruses in mice 
might mistake this new virus for the active agents with which they are working. 
Second, Dr. Traub’s virus is pathogenic for man. Dr. Scott and I saw two men 
who had the clinical picture of meningitis — stiff neck, fever, Kernig sign, and 
marked increase of cells in the spinal fluid, practically all of which were mono- 
nuclears. From the spinal fluid of these two patients we obtained a virus identi- 
cal with that of Dr. Traub. The virus is not in our stock mice. Furthermore, 
the patients had no neutralizing antibodies for this virus at the onset of illness, 
but developed them during convalescence. 

(Dr. Ralph D . Lillie, Washington.) The pathological response in Dr. Traub’s 
mice apparently differs in some respects from that studied by Armstrong and 
myself in Washington in that we have seen less tendency to invasion of the cen- 
tral nervous system and the reaction appears to me to have been less marked in 
the choroid plexi than would be indicated from Dr. Traub’s description. The 
meningeal reaction has been very similar in nature, however. 

(Dr. Maurice Brodie, New York City.) I should like to ask Dr. Traub what 
concentration of the emulsion he used in these mice, because we have picked up 
in mice a spontaneous virus which seems to be a little different from his; that is, 
the incubation period is 2 to 4 days when we use a 10 per cent suspension. If we 
use weaker dilutions, i :ioo or i :i5o suspensions, the incubation period becomes 
longer. The disease is rather more acute; convulsions occtu: spontaneously and 
there is much more tremor. The pathology is a little different, inasmuch as 
meningeal involvement is not as marked, and there is but little choroid involve- 
ment, more hyperemia, and focal areas of necrosis in the posterior horns are 
found. I wonder whether the greater reaction we get can be due to greater con- 
centration and whether we are dealing with the same thing. We have not suc- 
ceeded in transferring it to guinea pigs, but we have given it to rabbits. 

(Dr. Traub, closing.) In reply, to Dr. Lillie, the necrosis of nerve cells does 
not occur in aU mice and the number of necrotic cells is fairly small, but we con- 
sidered the necrosis was definite because we got neuronophagia and all the fea- 
tures which are essentially connected with necrosis. 

I should like to answer Dr. Brodie that it does not make much difference what 
the concentration of virus is that we inoculate into mice. The incubation period 
is not shorter than 5 days. 
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The Virus oe Lymphogranuloma Inguinale. Rigney D’Aunoy, Emmerich 
von Haam and (by invitation) Louis Lichtenstein, New Orleans, La. 

Abstract. Although lymphogranuloma inguinale appears to be a rather common 
disease in the United States and numerous case reports have been published 
from various parts of this country, comparatively little has been done by Amer- 
ican authors in systematically stud5dng its causal virus. In the course of our 
clinical study of this disease in its various manifestations in New Orleans, 160 
cases were observed over a period of 6 months. From 7 of these cases the filter- 
able virus etiologically associated with the disease was isolated and kept viable 
and infectious through repeated animal passage. The physical and biological 
characteristics of these local virus strains were studied and compared with sim- 
ilar findings of European investigators. This was accomplished by means of: 
(i) animal passage of the virus through homologous and heterologous species of 
experimental animals, using various routes of inoculation; (2) consideration of 
the antigenic value of fresh and desiccated organ emulsions of infected animals 
for the diagnostic Frei reaction; (3) cultivation of the virus; (4) animal protec- 
tion experiments, and (5) histopathological studies. 


Discussion 

(Dr. Arthur William Grace, New York City.) I have enjoyed the presenta- 
tion of this paper very much. Dr. von Haam has covered a great deal of work in 
a comparatively short time and the results he has found have been very much 
in line with what we have found in the work on lymphogranuloma inguinale. 
There is one point on which we differ: he spoke of the autosterilization of the 
virus. We have not detected that at aU. We have now passed our strain in 
12 months through 70 to 75 generations of white mice and have not detected 
any trace of autosterilization whatever. The virus is just as strong now as dur- 
ing any passage en route. Whether we are dealing with a stronger virus I do not 
know; I rather feel it is, because our results from the beginning showed a shorter 
period of incubation in mice than has been reported by any other worker. An- 
other point that we have been working on here is the use of the infected brain as 
an antigen. We have obtained no non-specific reactions, and the material ob- 
tained from the mouse brain has produced as strong a Frei reaction as can be 
obtained with the most potent human lymphogranulomatous pus. The lack of 
good Frei antigen has hampered the diagnosis of the disease for a long time, but 
now that the disease can be transmitted so readily to mice and the infected mice 
brains do not contain a suspicion of any other venereal disease, mouse brain 
antigen is very suitable for distribution. Lederle has taken the mouse strain of 
virus we are usmg and is now putting up the material commercially, so that I 
suspect in a short time lymphogranuloma inguinale mouse brain antigen will be 
available in an unlimited supply for the diagnosis of the disease, and then we 
shall see what a large number of cases there must be scattered throughout the 
country. We shall probably find there are more rectal than inguinal cases, be- 
cause the rectal cases are with us all the time. In the inguinal cases the patients 
get better and pass out of sight, and I think the rectal surgeons will find the use 
of lymphogranulomatous mouse brain very valuable for the diagnosis of a num- 
ber of obscure cases of benign inflammatory rectal disease. It is due to the efforts 
of Dr. von Haam and his co-workers and the people in France and Scandinavia 
that we have been able to replace the very unesthetic human Ijmphogranu- 



828 


AMERICAN ASSOCIATION OF PATHOLOGISTS 


lomatous antigen by the animal antigens "which aie just as specific and alvfays 
available in large quantity. 

(Dr. Maurice Brodie, New York City.) I should like to ask whether or not all 
of Dr. von Haam’s animals came down with symptoms, or whether a good many 
did not, and whether he transferred the virus after 2 to 4 weeks in the manner 
Levaditi has. We have tried 6 or 7 strains by that method but have not had the 
success which he had. In 2 we got the transfer to mice, and i to guinea pigs, and 
none of the animals came down with symptoms. Two to 4 weeks after the in- 
jection some of the mice would die, and so we tried transferring it at 2 week in- 
tervals and tested the material in patients, and we found the reactions in the 
skin got weaker with successive transfers until it lost all its strength, usually in 
3 or 4 passages, and so I wondered what kind of reaction he had in the majority 
of his animals. 

(Dr. Enrique E. Ecker, Cleveland.) I should like to ask Dr. von Haam if any 
attempts have been made to use the culture instead of the usual Frei antigen, 
and whether the culture or brain emulsion will give skin reaction test in high 
dilutions. We got a reaction with the Frei antigen in i case using a dilution of 
1:20,000. However, reactions occirr commonly with dilutions of 1:5000. A 
positive test has been obtained as long as 39 years after the infection. 

(Dr. Morris I. Rakieten, New Haven.) I should like to ask Dr. von Haam 
about the cloudiness in the medium. Does he interpret that as an actual growth, 
a proliferation of the virus in an artificial medium? 

(Dr. William Boyd, Winnipeg.) How many cases of the disease due to this 
virus have been reported in Canada? 

(Miss Suskind, New York City.) I should like to ask Dr. von Haam, in rela- 
tion to the cultural activity of the virus, whether he has been able to stain the 
fluid and demonstrate what might be described as filterable virus bodies. 

(Dr. von Haam, closing.) In regard to autosterilization, we have observed it 
twice in our 7 strains. Two of our strains died out through continual passage 
through mice. I believe Dr. Grace has an especially strong virus strain, because 
of the incubation time and because he has successfully transmitted it so long. 

As to the distribution of the disease in Canada, there is only one report in a 
French Canadian journal which unfortunately was not available to me. That 
reported 3 cases in the vicinity of Quebec. 

I am unable to answer the question as to the dilution of the virus and of the 
brain emulsion as we did not work with this problem. The literature reports 
usually the virus cannot be diluted very much and negative results in a dilution 
of as high as i :io,ooo are reported. 

In regard to Dr. Brodie’s remarks as to symptoms, we keep the virus now go- 
ing by routinely transmitting the virus every 2 weeks, and most of our mice do 
not show symptoms by this time. The incubation time in our strains for the 
appearance of symptoms is 3 to 4 weeks, but characteristic histological changes 
can be found in mice as early as 5 to 6 days after the inoculation. 

In reply to Miss Suskind’s remarks about staining the virus, we did not stain 
the virus. However, Tamura stained the fluid with virus stain, and he found 
bodies which he believes to be virus. 

I do not know that the cloudiness actually represents the virus, but it does not 
appear in the control animals. The cloudiness can be transmitted from tube to 
tube and, as Tamura has shown, the virus can be centrifuged with about 6000 
revolutions per minute down in the deeper layers. 
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The Present Status of the Antigenic Analysis of the Elementary 

Bodies of Vaccinia. James Craigie (by invitation), Toronto, Canada. 

Abstract. It has been reported that two types of reaction may occur w'hen suit- 
ably prepared extracts of vaccinia-infected tissue are incubated with rabbit 
antivaccinia serum {Brit. J. Exper. Path., 1932, 13, 259). A precipitin reaction 
takes place with “free” antigen in the extract and, in addition, any elementary 
bodies which may be present are agglutinated. More recently it has been shown 
that rabbit antivaccinia serum contains two types of agglutinin for the ele- 
mentary bodies of vaccinia {Brit. J. Exper. Path., 1934, iS? 390). The corre- 
sponding agglutinogens differ markedly in their stabihty. The L or labile anti- 
gen is inactivated by heat at 56° C., by excess of formalin, by the photodynamic 
effect of methylene blue, and by other manipulations which render the ele- 
mentary bodies non-infective. The S or stable antigen, on the other hand, with- 
stands a temperature of 100° C. This paper presents further observations on 
these antigens. 

It may be shown by means of suitable precipitin tests on the wash fluids that 
in a freshly prepared and washed elementary body suspension aU the antigen is 
fixed to the surface of the elementary bodies. On storage, however, particularly 
if distilled water saturated with ether is employed as the suspending fluid, a 
portion of the antigens becomes dissociated from the elementary bodies. These 
dissociated antigens are demonstrable by subjecting the suspending fluid, after 
removal of the elementary bodies, to precipitin tests. The use of serums con- 
taining either L or S antibody alone has shown that both the corresponding 
antigens dissociate. Dissociated L antigen is as labile as L antigen fixed to the 
elementary bodies. Repeated but decreasing yields of “free” antigen may be 
obtained and the elementary bodies remain agglutinable and infective. How- 
ever, the appearance of fine particles in the suspension, and a decrease in in- 
fectivity, suggest the possibility of disintegration of some of the elementary 
bodies of lesser resistance. 

Pure L and S precipitin serums, controlled by appropriate tests with ele- 
mentary bodies and antigen dissociated from them, have been used to determine 
the nature of the antigens found in Seitz filtrates of vaccinia-infected skin. Such 
filtrates, free from elementary bodies, contain both L and S antigen. The con- 
ditions under which these filtrates are prepared make it seem highly probable 
that the antigens exist in the “free” state in vaccinia-infected skin. Both L 
and S antigens have been found in the vaccinia-infected skin of the calf and 
guinea pig, as well as in that of the rabbit. 

It has been suggested that the “antigens” involved in the in vitro reactions 
of some ^^^uses are of extrinsic origin, arising from host substances as a result 
of tlie infective process. No observations have been recorded which are incon- 
sistent with the view that the L and S antigens of vaccinia are intrinsic products 
of the elementary bodies, analogous to bacterial antigens, which may dissociate 
m vivo as well as in vitro. The comparatively large quantities of L and S antigen 
which seem to be present in the “free” state in vaccinia-infected skin, taken in 
combination with other observations, would seem to suggest that vaccine virus 
particles may vary great!}’ in their resistance to disintegration. Elementary’ 
body suspensions prepared by the usual metliods may possibly represent only 
the more stable forms of the \drus with spore-like qualities of high resistance to 
an adverse environment. Actively proliferating intracellular virus, not neces- 
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sarily differing in morphology from elementary bodies, may be much less viable 
if separated from living cells. 

The possibility that vaccine virus particles of varying viability when sepa- 
rated from the cell may exist in living tissue, but that only the more resistant 
forms can be manipulated in vitro, should be borne in mind in interpreting fail- 
ures to demonstrate inactivation of the virus by immune serum in vitro. 

Discussion 

(Dr. Frederick P. Gay, New York City.) I should like to ask which of these 
two antigens gave rise to immunity, or whether they both did. 

(Dr. Claus W. Jungeblut, New York City.) I did not quite hear what Dr. 
Craigie said about the neutralization experiments, but I would like to know 
which of the two serums, the S or the L t3q)e, was more active in neutralizing 
the virus in vitro. 

(Dr. Craigie, closing.) I am afraid that I have been asked two questions which 
I cannot answer. I do not know which of the two t5q)es of antibody is more 
active in neutralizing the virus or whether either of them is active in this re- 
spect. As regards immunity, I think that I can say this — there is no evidence 
which would indicate that the S antigen and corresponding antibody play any 
significant part in immunity. The L antigen may be involved, but I am not 
certain. It is true that vaccinia elementary bodies inactivated without loss of 
the L antigen appear to produce a much greater degree of immunity than ele- 
mentary bodies inactive with concomitant loss of this antigen. This, how- 
ever, does not necessarily mean that the L antigen is involved in immunity. 
There may be some other labile antigen which we caimot demonstrate in vitro. 

Response oe Rabbits to Formolized Washed Elementary Bodies oe Vac- 
cinia AND to Virus-Free Filtrates of Dermal Vaccine Virus. Rob- 
ert F. Parker (by invitation). New York City. 

Abstract. It has been shown by Craigie that injections in rabbits of inactive ele- 
mentary bodies of vaccinia cause the appearance of agglutinins, precipitins, and 
complement-fixing antibodies. Washed suspensions of elementary bodies were 
prepared by Craigie’s technic, which were almost entirely free of other particu- 
late material. The virus was inactivated by means of 0.3 per cent formaldehyde, 
large amounts being tested for the presence of active virus by serial testicular 
passage in rabbits. Extracts of dermal virus containing the soluble antigens of 
vaccinia were obtained and freed of virus by passage through collodion mem- 
branes. These were similarly tested for the presence of active virus. 

Rabbits kept under isolation precautions were injected twice weekly for 6 
weeks with increasing amounts of these materials, a total of 18 cc. being inocu- 
lated. Serum was taken and the rabbits were tested for immunity by means of 
dermal, intradermal and testicular inoculations of virus. 

After immunization, agglutinins for elementary bodies and precipitins against 
the soluble antigens were present in moderately high titer, while virus-neutraliz- 
ing antibodies were present in small amount. The rabbits were moderately or 
completely refractory to infection with a weak culture virus, but only partially 
immune to a stronger testicular strain. 

A striking phenomenon was noted, i.e. animals immunized with inactive ele- 
mentary bodies, and almost entirely refractory to infection with culture virus, 
were still moderately susceptible to a later inoculation of potent testicular virus. 
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Discussion 

(Dr. James Craigie, Toronto.) Dr. Parker’s paper raises some interesting 
points. I might say in the first place that his results are in agreement with those 
obtained by us in our earlier attempts to produce immunity with inactivated 
vaccinia elementary bodies. The observations made during the course of this 
preliminary work were one of the factors in determining a search for a labile 
type of antigen in the elementary bodies of vaccinia. I should emphasize that 
Dr. Parker in his formolized washed elementary bodies has used an amount of 
formalin which in my experience will completely inactivate the L antigen as 
well as abolish the infectivity of the elementary bodies. More recently I have 
been attempting to inactivate the elementary bodies of vaccinia \vith the least 
possible amount of formalin and this has been facilitated by the use of pure 
L sera. If one succeeds in inactivating the elementary bodies, leaving the labile 
antigen more or less intact, then one can produce a much more definite degree of 
resistance to skin inoculation of vaccine virus. This resistance may be measured 
in two ways, and the results may differ somewhat according to the method of the 
test, i.e. whether skin scarification or intradermal injection is employed. One 
manifestation is a definite resistance to inoculation of the virus, and the other is 
a very definite acceleration of the reaction. One may in rabbits produce quite 
marked resistance to inoculation with inactivated elementary bodies, but this 
immunity does not compare in its duration to immunity developed after inocu- 
lation of living elementary bodies. I think that the present interest of this type 
of investigation lies not so much in the attempt to produce immunity by inacti- 
vated vaccinia virus, but in the investigation of the mechanism of immunity to 
this virus. 

(Dr. Harry S. Eagle, Philadelphia.) I think it is interesting that an antigen 
was found that would pass through a coUodion membrane. It indicates that 
particles of small molecular size may be antigenic. I should hke to ask Dr. 
Parker if he has any data on the permeability of the filter he used. 

(Dr. Parker, closing.) In reply to Dr. Eagle, the membranes used were pre- 
pared by Bauer in the Yellow Fever Laboratory and the average diameter of the 
pores is 103 millimicra. 

Development oe Immunity to Fox Encephalitis. R. G. Green, Minneapolis, 
Minn. 

Abstract. Serum of animals recovered from fox encephalitis contains antivirus 
and this can be increased by h3q)erimmunization. The maximum antivirus con- 
tent is developed after more than i year’s continuous injection of virus. The in- 
jection of serum-virus mixtures into normal foxes leads to death of the more 
susceptible animals after 30 days, when the serum has been eliminated. De- 
velopment of acquired immunity to fox encephalitis seems to require several 
weeks for the most susceptible individuals. Recovery from fox encephalitis 
appears not to depend upon acquired immunity, but upon the extent of natural 
immunity at the onset of the disease. The studies were carried out with Dr. J. E. 
ShiUinger. 

Discussion 

(Dr. E. Watson, Ottawa.) I should like to ask Dr. Green if he has done 
any cross-immunization tests with fox encephalitis and canine distemper virus 
and, if so, has he found that one has any neutralizing effect on the other? 
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We have done a few experiments along those lines, and there is a tentative sug- 
gestion in them that there is some protection offered by canine distemper virus 
against fox encephalitis virus, and vice versa. 

(Dr. Claus W. Jungeblut, New York City.) I should like to ask Dr. Green if 
he has formulated any ideas about the mechanism of the natural im m unity he 
spoke of in his paper. Is it acquired by previous infection? 

(Dr. Green, dosing.) In reply to Dr. Watson’s question, I should like to state 
that our extensive investigations have been conjaned largely to a particular 
strain of virus, the Fromm strain, and we have been unable to discover any re- 
lation whatsoever vnth the canine distemper virus. 

Dr. Jungeblut’s question is one with which we have concerned ourselves. In 
our experimental ranch we maintained strict quarantine for a number of years. 
The foxes on the ranch were principally red fox pups dug out of their dens in the 
wild and transported by litters to the ranch. We are quite positive that the im- 
mimity shown by foxes from this group was not axquired by contact with the 
virus. We have studied the breeding records of fox groups being put into an 
epidemic area each fall. It was a very striking observation that each year the 
progeny of certain pairs of foxes would always die of fox encephalitis, while the 
progeny of other pairs never died of the disease, although all were exposed to- 
gether. This definitely appears to be evidence of inherited natmral immunity. 

Studies on the Mechanism oe Immunity in Certain Virus Diseases. Al- 
bert B. Sabin (by invitation), New York City. 

Abstract. Since the protective substance in immune, antiviral serum is capable 
of exerting its effect in vitro in a simple system consisting of minced susceptible 
tissue, immune serum and virus, the role and fate of each of the constituents in 
the consummation of the immune process were analyzed. With the aid of an 
ultracentrifuge (14,000 r.p.m.), which rendered possible the complete sedi- 
mentation and quantitative recovery of vaccinia, pseudorabies and B virus, it 
was found that the protective substance in antiviral serums neither combined 
with nor inactivated these viruses even after prolonged periods of incubation. 
In cultures containing susceptible tissue, immune serum and virus, the protec- 
tive effect was exerted without any demonstrable direct effect upon the virus; 
the protective substance apparently acted upon the tissue by rendering it re- 
fractory to “infection,” and unsuitable for the multiplication of the virus. By 
treating normal susceptible tissue with antiviral serum and then separating the 
tissue from the serum, it was possible to show that it had been rendered re- 
fractory to infection even though it was surrounded by and had “fixed” active 
virus. It was also found that the protective substance is fixed by the tissue and 
that both the fixation and the effect are reversible by washing. Experiments 
■with leukocytes revealed that while they take up or fix virus, they become highly 
infectious thereby and thus play no part in preventing infection; no opsonic 
effect of immune senun on ■vdrus was demonstrable. 

The varying protective power of anti-viral serum in vivo in different tissues of 
the same species and in the same tissues of different species was studied: it was 
found that this phenomenon could be accounted for neither on the basis of any 
direct action of the immune serum upon the virus in vitro or in vivo, nor on the 
basis of the varying ability of the tissues to neutralize small amounts of -varus. 
It appeared rather that different tissues require different amounts of protective 
substance for protection against the same amount of virus and that certain 
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other, as yet obscure, factors are involved. These studies suggest that the virus 
itself may not be the direct antigenic stimulus, but that some substance upon 
which it acts and which becomes antigenic when liberated from infected cells 
may be the factor responsible for the formation of the immune protective sub- 
stance. 


Discussion 

(Dr., R. G. Green, Minneapolis.) I shall look forward with a great deal of 
pleasure to seeing the details of this paper, as one of the conclusions does not 
appear to correspond with our experience. In one of our experiments 25 foxes 
were given an injection of serum to produce a passive immunity. Of the first 
10 foxes inoculated with virus 10 days later, 8 died with typical encephalitis. 
The same amount of serum would have given protection for 30 days if the serum 
had been mixed with the virus before injection. This would make it appear that 
the effect of the serum was on the virus rather than on the tissue. We also have 
seen the variation of immunity apparently dependent upon the tissues involved. 
In our preliminary investigations on virus neutralization aU inoculations were 
made by cisterna puncture. In these experimental animals we observed no de- 
layed infections. Among some 2000 ranch foxes inoculated with similar mixtures 
by intramuscular injection, the disease regularly appeared some 30 days after 
inoculation as delayed infections. Following this the delayed infections were 
observed in experimental animals when the serum-virus mixture was injected 
intramuscularly. 

(Dr. Joseph D. Aronson, Philadelphia.) I should like to ask what tissues are 
especially susceptible to the virus, whether you can produce selective immunity 
in such tissues, and lastly, whether the serum can be removed from the tissues 
so as to again make the tissue susceptible to infection with the virus. 

(Dr. L. Dienes, Boston.) In connection with the observation which I reported 
yesterday, I should like to mention that in guinea pigs the development of im- 
munity response after infection with vaccinia virus is about the same as after 
injection of eggwhite. If a large area of the skin is infected, antibodies appear in 
the blood first after the 12th day. However, the skin lesions begin to heal on the 
5 th day. At about the same time the non-inf ected part of the skin begins to give 
slight h3^ersensitive reactions. These reactions are rather strong on the 8th 
day. These skin reactions correspond to the tuberculin reaction and to the shght 
skin reaction which we observed between the 4th and 7th days after eggwhite 
injection. They are characterized by delayed appearance and a mainly mono- 
nuclear infiltration of the tissues. This t3T)e of skin sensitiveness corresponds to 
the active immunization of the tissues, and circulating antibodies never produce 
a similar condition. In guinea pigs the infection of the skin heals in the active 
stage of the immunization process before the appearance of antibodies in the 
circulation. We do not know the relation of antibodies to this condition; it cer- 
tainly cannot be reproduced by passive immunization. The study of this con- 
dition may be as necessary for the understanding of healing and immunity as 
the study of antibodies. 

(Dr. Francis G. Blake, New Haven.) It would appear to me that the conclu- 
sions from these experiments are consistent with some of the observed phenom- 
ena met in disease. I shall cite only two: first, the observed fact that in the 
prophylactic use of convalescent serum in measles the serum must be used be- 
fore the virus enters the blood, if prevention is to be obtained; second, the ob- 
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served fact that in herpes febrilis the disease may frequently recur in an indi- 
vidual in spite of the fact that he has neutralizing antibodies in his blood. I 
should like to ask Dr. Sabin if these two observed facts, which are illustrative of 
others, seem to him consistent with his conception. 

(Dr. Sabin, closing.) In reply to Dr. Green, I must say that I have made a 
careful study of many of his interesting experiments with the virus of fox en- 
cephalitis and found them strikingly in accord with the conception that the pro- 
tective action of antiviral serum is not the result of any direct action on the 
virus. In one particular t 5 q)e of experiment, in which Dr. Green injected mix- 
tures of serum and virus subcutaneously, the animals appeared to be completely 
protected for a long period (a month or more), and then suddenly would develop 
the disease. During this entire period apparently nothing happened to damage 
the virus, and when the passive immunity conferred by the serum had worn off 
the animal developed the t5q5ical disease.* Somewhat similar experiences have 
been encountered in dog distemper work when immune serum and virus were 
used for immunization. The fact that Dr. Green observed no delayed infection 
when he’ used the cisternal route may mean that the virus does not survive as 
long there as in the subcutaneous tissue. The spontaneous deterioration of 
•viruses which may vary in different tissues may play an important part in de- 
termining the ultimate infectivity of a serum-virus mixture. 

In response to Dr. Aronson, the susceptibility of different tissues probably 
varies with individual viruses. I cannot answer the second question, but the 
third one regarding the possibility of removing the serum from immune tissue 
and thus rendering it more susceptible to infection can be answered in the aj0&rm- 
ative. Rivers and co-workers have shown that the excised cornea from a rabbit 
immune to vaccinia may occasionally be deprived of its resistance to infection 
in vitro by washing, and Andrewes found that testes from actively iminune 
herpes and virus III rabbits were rendered highly susceptible to in vitro infection 
by washing. In my own work it was shown that while normal tissue could be 
rendered refractory to infection by exposure to immune serum, it would lose this 
refractory state upon repeated washing. 

The observations on the prophylactic effect of measles convalescent serum 
chiefly before the generalization of the virus and on the occurrence of herpes 
febrilis in individuals with antibodies for the virus in their blood, which Dr. 
Blake has mentioned, would not appear to be inconsistent with the conception 
that the antibodies in immune serum do not act directly upon the virus. In the 
case of measles, it is clear that the cells must be, and perhaps are, protected be- 
fore the virus reaches them to avoid the systemic disease, while in the case of 
herpes febrilis the present conception explains at least why a virus survives and 
may be carried by an immune host in the presence of immune bodies, which do 
not “neutralize” it even when it is unprotected by a probable intracellular 
habitat. 

Evidence of AcQxnRED Immunity from Peant Virus Diseases. L. O. Kunkel 
(by invitation), Princeton, N. J. 

Abstract. Tobacco seedlings regularly recover from, and are thereafter immune 
to, the disease caused by the tobacco-ringspot virus. Recovered plants, although 
indistinguishable from plants that have never had the disease, retain the ring- 
spot virus indefinitely. Plants propagated from cuttings of recovered plants are 
likewise immune, but plants grown from seeds are susceptible. 
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More than fifty different strains of the tobacco-mosaic virus have been iso- 
lated. The several strains cause diseases that differ in severity, from some that 
are extremely mild to others that are lethal for young plants. Seedlings infected 
by a mild strain of virus become immune from severe strains. They are not, 
however, protected against tobacco ringspot, cucumber mosaic, or an}’’ plant 
virus disease unrelated to tobacco mosaic. The protection test furnishes an easy 
means of determining whether or not any new disease belongs in the tobacco 
mosaic group. Similar tests with the tobacco-ringspot virus and with viruses 
causing other diseases indicate that the immune reaction is specific. Results ob- 
tained from protection tests have been confirmed by serological studies. 


Discussion 

(Dr. Everett G. D. Murray, Montreal.) I should like to ask Dr. Kunkel if 
the susceptible plant is budded or grafted on to an immune or recovered plant 
whether there is any protection or resistance transferred to the bud or graft. 

(Dr. Kunkel.) No, the bud or graft does not acquire immunity without an 
attack of the disease. 

(Dr. James Ewing, New York City.) I should like to ask Dr. Kunkel to teU 
us a little more about the conditions of survival of the virus in plants that do not 
show the symptoms of the disease. 

(Dr. Augustus B. Wadsworth, Albany.) I should like to know how long the 
virus persists in the transplants of the cuttings. I assume that it continues. 

(Miss Suskind, New York City.) Before I ask my question I must plead ig- 
norance of botanical technique. I would like to know, however, if it is possible 
to macerate recovered plant tissue and demonstrate tissue immune bodies, either 
by prophylactically treating well plants with that macerated plant extract and 
subsequently attempting to infect them, or by taking plants already infected 
and treating them with the macerated extract. 

(Dr. Stuart Mudd, Philadelphia.) Is it possible to obtain passive immunity 
by transfer of sap or other plant juices? 

(Miss Feig, New York City.) There appear to be about fifty different types 
of plant virus disease. How do you teU the different types apart? 

(Dr. Arthur William Grace, New York City.) I should like to ask whether the 
seeds of plants that are non-immune come from plants that were previously in- 
fected, or whether they are seeds from other plants. 

(Dr. Kunkel, closing.) Regarding the seeds, to answer the last question first, 
the viruses do not usually pass through the seeds. There are a few exceptional 
cases, like the virus disease of the bean, which is transmitted through the seeds, 
but most viruses are not transmitted through the seeds of plants. Plants grown 
from seeds of diseased plants are quite healthy. 

Regarding how long the virus persists in cuttings, we have some cuttings that 
have been grown in successive generations for over a period of 4 years, and the 
virus is there just the same as when the plant first recovered. 

In reply to Miss Feig, as to how we recognize these different strains, we recog- 
nize them by the symptoms they produce in the plants. 

In reply to Miss Suskind, we have no evidence whatever of immune bodies. 
We know nothing of the mechanism by which the plants are protected. You 
must remember there is no blood stream to play with. 

(Dr. William Boyd, Winnipeg.) Dr. Mudd asked whether there was a sap 
stream to play with. 
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(Dr. Kunkel.) Yes, there is a sap stream, but it is not comparable to the 
blood stream; it is not circulating. 

The Dieeerenxiation of Plant Viruses by the Serum-Precipitin Re- 
action. Helen Purdy Beale (by invitation). New York City. 

Abstract. If the expressed juice of a plant affected with a filterable virus disease 
is used to hyperimmunize rabbits, the resultant antiserum contains precipitins, 
neutralizing and alexin-fixing antibodies.* The serum reactions are specific for 
the homologous virus extract employed as antigen, and the precipitin reaction 
may be used to great advantage in the recognition of new host plants, in the 
detection of “carriers” and in the differentiation and classification of viruses. 
Plant viruses which are regarded as distinct on the basis of symptomatology, 
host range, properties, methods of transmission and plant immunity tests, are 
likewise distinguishable by the serum reactions. Qualitative and quantitative 
investigations of the serum-precipitin reaction indicate a close association be- 
tween active virus and antigen. 

Disctission 

(Dr. Arthur William Grace, New York City.) I should like to ask Dr. Beale 
in what animal the serum was produced. That was not quite clear to me from 
what she had to say. 

(Miss Suskind, New York City.) I should like to know how purification of the 
virus was carried out. Was it by filtration only or were chemical methods also 
employed? 

(Dr. Beale, closing.) In answer to the first question, the rabbit was used. I 
also neglected to say there are neutralizing bodies in the antiserum. 

In answer to Miss Suskind, the methods of purification are chemical and also 
by the use of the Seitz filter. 

Titration of Antibodies in Serums of Persons Receiving Antirabic 
Treatment. Leslie T. Webster and (by invitation) J. R. Dawson, Jr., 
New York City. 

Abstract. A mouse protection test has been developed for titrating antirabic 
substances in serums. Street rabies virus passed intracerebrally in Swiss mice 
3 to 15 times is diluted, mixed with the undiluted test serum and injected intra- 
cerebrally into Swiss mice. Mice receiving mixtures of normal sera plus final 
dilutions of virus as high as lo'® succumb to rabies after consistently uniform 
incubation periods. Repeated tests with the same and different normal sera and 
with the same and four different strains of virus have given uniform results ex- 
cept that early passage virus results in relatively long incubation periods in in- 
jected mice. 

The protection test is being used to measure the development of antirabic 
substances in the blood of humans following antirabic treatment. Serum from 
an individual 2 and 15 years after treatment with “T,” “T,” and “L” vaccines 
protected completely against 100 lethal doses of 4 strains of mouse passage virus. 
This serum diluted 1:50 showed complete protection against 10 lethal doses. 
Of serums from three individuals tested on the ist, 8th, 14th, 21st and 30th days 

* Beale, Helen Purdy. The serum reactions as an aid in the study of filterable viruses 
of plants. Contrib. Boyce Thompson Inst., 1934, 6, 407-435. 
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of treatment with “N” Semple vaccine, one of the 30 day serums showed slight 
protection, while the remainder were practically negative. Serums from three 
individuals 8 months after a 21 dose treatment with the same “N” vaccine and 
from one individual 8 months after a 28 dose treatment with “N” vaccine 
showed no protection. On the other hand, three pools of 5, 5, and 4 serums from 
fourteen persons on the 14th day of treatment with “G” Semple vaccine pro- 
tected against 10 lethal doses, and serums from five of these same persons tested 
after 37 days, and five tested after 62 days protected fully against 100 lethal 
doses of virus. And finally, serum from an individual given “H” vaccine 13 and 
S years ago protected against 100 lethal doses. 

The "N” and "G” vaccines injected into Swiss mice failed to incite rabies; 
the “H” vaccine so treated did bring the animals down with rabies. 

Discussion 

(Dr. Ralph D. Lillie, Washington.) May I ask what type of antirabic vac- 
cines was used in these cases, — whether phenol-killed or the old Pasteur vac- 
cine? 

(Dr. Webster, closing.) All vaccines thus far tested have been of the phenol- 
killed Semple type, with one exception. In this case the “H” vaccine was dried 
and diluted. 

On the Problem of Immunization Against Poliomyelitis. E. W. Schultz 
and (by invitation) L. P. Gebhardt, Stanford University, Calif, 

Abstract. Passive immunization of monkeys with large doses of a high titer im- 
mune serum provides some protection against subsequent intracranial or intra- 
nasal inoculations with virus. For protection against a given dose of virus a dis- 
proportionately high antibody titer is necessary. A relatively low protection is 
afforded against virus administered by the intranasal route. This may be ex- 
plained by the fact that the olfactory nerve, the usual portal of entrance, is very 
accessible to the virus and cannot be effectively guarded by immune substances 
in the blood plasma. 

Results obtained following artificial active immunization with variously pre- 
pared vaccines indicate that it is much easier to stimulate the formation of anti- 
bodies than it is to alter the susceptibility of neurons. Since a true acquired 
active immunity to poliomyelitis is basically a cellular rather than a humoral 
phenomenon, the criterion of successful active immunization must be an un- 
questionable increase in tissue resistance, rather than the appearance of anti- 
bodies. A well defined increase in neural resistance seems difficult to obtain 
even when living virus suspensions are used as vaccines. 

Pathological and Immunological Problems in the Virus Field.* Thomas 
M. Rivers, New York City. 

A bstract. The most interesting pathological problems in the virus field have to do 
with the relation of the viruses to host cells. It appears that these active agents 
are obligate parasites and induce certain changes in the parasitized cells. Inclu- 
sion bodies often result from such an infection and a study of some of these 
structures has yielded valuable information. For instance, it has been clearly 
shown that certain inclusion bodies represent aggregates of minute structures 
which either are the virus or are closely associated with the virus. Hyperplasia, 

* Presented at special request of the Council. 
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li)rperplasia followed by necrosis, and necrosis are the most important phe- 
nomena in the pathological pictures produced by viruses. Inflammation is of 
secondary significance. In view of this fact one can easily understand why 
viruses enter into any discussion concerning the etiology of tumors. 

Viruses are antigenic, and as antigens and because of the fact that an infection 
with them is usually followed by a lasting immunity they naturally have at- 
tracted the attention of workers in the field of immunology. One would like to 
know why it is so difficult to obtain a sohd immunity with completely inacti- 
vated viruses. Also the differences in the duration of immunity produced by 
active and inactive viruses give rise to certain questions. Active viruses usually 
lead to a more or less prolonged resistance in a recovered host, while the im- 
munity — often incomplete — induced by an inactive virus may be fleeting or at 
least of a relatively short duration. Moreover, in a few instances infections with 
viruses do not produce a lasting immunity. 

Is it likely that there are special principles of immunity applicable only to 
virus diseases? There is no evidence that such is the case. The questions raised 
above might apply equally well to immunological phenomena in general, 
whether excited by bacteria, spirochetes, protozoa, or proteins of different sorts. 
The amounts of antigen, the multiplicity of antigens in an infectious agent the 
labilities of which may vary, the intimacy of contact of the host with the infec- 
tious agent, and the duration of this contact aU play a part in the immuno- 
logical phenomena produced by all infectious agents. Certainly some of the im- 
munological phenomena observed in virus diseases may, therefore, be explained 
upon the intimate type of parasitism exhibited by the viruses, the lability of 
certain antigenic components of these agents, and finally, the prolonged sojourn 
of the viruses in a host once infected. 

Experiments on the Epidemiology of Pseudoeabies. Richard E. Shope (by 
invitation), Princeton, N. J. 

Abstract. Pseudorabies is a highly fatal but non-contagious disease in cattle and 
the common laboratory animals. It is a relatively mild but highly contagious 
disease in swine. It has been shown that in swine the nose serves both as the 
portal for the entrance and the exit of the virus. Furthermore, it has been found 
that fatal pseudorabies infections in rabbits can be induced by merely bringing 
their abraded skin into contact with the noses of infected swine. The blood 
serums of swine on two farms where pseudorabies had occurred among the cattle 
were studied and found to be capable of neutralizing pseudorabies virus. It is 
believed that in these instances the swine had suffered a mild and unrecognized 
pseudorabies infection and had probably transmitted their disease to the cattle 
with which they were associated. 

To obtain information as to the incidence of pseudorabies among Middle 
Western swine, 23 samples of anti-hog cholera serum, representing blood serum 
from over 2500 swine, were studied. Twenty-one of these samples were found 
to contain pseudorabies virucidal antibodies. In 9 of the samples the antibody 
titer was such as to indicate that at least 5 per cent of the animals furnishing the 
serums had suffered an earlier infection wth pseudorabies virus. The virucidal 
titer of the remaining 12 samples was such as to suggest upwards to a 50 per cent 
previous pseudorabies infection among the s^vine supplying the serums. The 
serums of 23 out of 25 adult swine of Middle Western origin contained pseudo- 
rabies virucidal antibodies. Serums obtained from local swine have been found 
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to be free of virus-neutralizing antibodies. It is concluded from the serological 
data that pseudorabies may be a highly prevalent, even though unrecognized, 
disease among Middle Western hogs. The experiments presented suggest that 
swine may serve as the source of infection for cattle, virus transmitting from the 
noses of infected hogs to the abraded skin of cattle. 

Variations in Neoroinvasiveness of Certain Viruses in Relation to the 
Age of Susceptible Hosts. Peter K. Olitsky and (by invitation) Al- 
bert B. Sabin and Herald R. Cox, New York City. 

Abstract. This’ study indicates that as an animal matures it may acquire re- 
sistance to certain neurotropic viruses, which depends neither upon previous 
exposure to infection and subsequent development of humoral antibodies, nor 
upon any change which age induces in the body as a whole, but rather upon a 
modification in certain special parts of the nervous system. The observations 
were made with the Indiana and New Jersey strains of vesicular stomatitis virus 
which are highly neurotropic in mice. The results in brief are as follows: (i) 
while young mice, 15 to 20 days old, readily develop a fatal encephalitis when 
the virus is dropped into the nose, old mice (about i year old), with only rare 
exceptions, show no signs of disease when given as much as 1000 to 10,000 times 
the minimal amount of virus which is fatal for the 3mung ones; (2) yet young and 
old mice are equally susceptible when the virus is injected directly into the brain; 
(3) the resistance of the old mice is not dependent upon the presence of antiviral 
bodies iii the blood; (4) the resistance becomes appreciable between the 20th 
and 30th days of life; (5) mature mice reveal a similar resistance when the virus 
is given subcutaneously instead of intranasally; (6) mature mice exhibiting no 
signs of disease following intranasal administration of virus, nevertheless de- 
velop specific humoral antibodies and a specific active resistance to intracerebral 
inoculation of the virus. 

The development of the specific immunity in the mice which showed no signs 
of disease suggested that an unrecognized infection had occurred somewhere in 
the body. No virus was found in the blood, lungs, liver and spleen, thus exclud- 
ing these as foci of infection. Since a direct inoculation in the brain is equally 
fatal to young and old, it appeared that the difference observed between the dif- 
ferent age groups when the virus is introduced by way of the nose might be due 
to a resistance encountered by the virus somewhere along its course between the 
nasal mucosa and the important centers in the brain. It remained to determine . 
whether the barrier was pre-ganglionic, i.e. in the olfactory nerve fibers with a 
resultant inability of the virus to reach the olfactory bulb or ganglion; or post- 
ganglionic, when the virus might reach the olfactory bulb but be unable to 
spread to the rest of the brain. Experiments revealed that apparently the re- 
sistance is chiefly post-ganglionic in the sense just indicated. Whereas in young 
mice the virus from the nose extended first to the olfactory biflb and then rapidly 
to the rest of the brain, in mature mice it also invaded the olfactory lobe but 
failed to spread to the rest of the brain. 

It should be pointed out that with viruses which have a high initial invasive- 
ness for the host, like Eastern equine encephalomyelitis in mice, and pseudo- 
rabies in guinea pigs, no appreciable difference was seen in their behavior in 
animals of different ages. It is not improbable that the well known resistance 
of older age groups in the case of poliomyelitis in man may at least in part be 
due to the phenomenon just described. 
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Discussion 

(Dr. William Boyd, Winnipeg.) Dr. Rivers, in the remarkable review he gave 
this morning, pointed out that not very much attention had been paid to the 
histological or cytological changes in our morning symposium. I should like to 
ask Dr. Sabin if any histological investigations were made. Does one find in the 
non-immune, that is to say, in young animals, definite changes, either inflam- 
matory or in the nature of inclusion bodies, and are these absent in the adult? 

(Dr. Stuart Mudd, Philadelphia.) One of the slides seemed to imply that you 
could get passive protection in young mice with the serum of adult mice. Is 
that true? 

(Dr. Sabin, closing.) Histological examinations were made, but unfortunately 
this is a virus disease which does not give rise to very characteristic cytological 
changes. No inflammatory changes, other than some dubious increase in cells in 
the olfactory portion of the brain, were found. The brain and nasal mucosa of 
the adult resistant mice were sectioned, but they showed nothing which would 
aid in determining the focus of virus action. 

In reply to Dr. Mudd, the slides showed that there is a passive protection in 
that adult mice which had exhibited no signs of the disease developed antibodies 
in their serum which protected young mice against 1000 infective doses by the 
cerebral route. 

(Dr. Mudd.) Does the serum of normal adult mice confer protection on 
young mice? 

(Dr. Sabin.) Normal adult mouse serums had no antibodies for the virus. 

Studies on Inclusion Bodies of a Neurotropic Virus in Various Organs. 

Abner Wolf and (by invitation) Margaret Holden, New York City. 

Abstract. The W virus was originally isolated by Drs. Gay and Holden from a 
case of fatal ascending myelitis in a laboratory worker bitten by a monkey. A 
series of rabbits were injected with this virus in the parotid and submaxUlary 
glands, adrenals, liver, spleen, kidney, testis and skin. In each of these organs 
lesions were produced which were characterized by necrosis, inflammation with 
occasional hemorrhage, and in aU but the liver and spleen intranuclear inclu- 
sions. Hyperplasia was noted in the skin and connective tissue. In each case 
the infection spread to the nervous system. It involved the spinal cord first 
when the abdominal viscera or abdominal skin was injected, as evidenced by the 
limb paralysis; or the brain directly when the parotid or submaxUlary were in- 
jected, as shown by convulsions. In those instances in which the abdominal 
organs were injected there was a peritonitis, intense in most cases and slight in 
only one. Blood vessels in the necroticorgans, in particular the adrenals, showed 
an intense arteritis \vith intranuclear inclusions. Connective tissue, subcutane- 
ous fat and striated muscle about the salivary glands were affected. There were 
intense inflammation and necrosis in the former two and intranuclear inclusions 
and moderate degeneration were observed in the latter. The nerves in the or- 
gans injected always showed inflammatory changes in the perineurium and often 
endoneurium; occasionally they exhibited necrosis, and at times intranuclear 
inclusions were found in the Schwann and endoneurial ceUs. 

Intranuclear inclusions were most frequent in the adrenals and salivary 
glands; fairly common in the central nervous system and rare in the kidney, 
testicle and skin. They were also encountered in striated muscle, blood vessel 
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walls and the Schwann and endoneurial cells of nerves. They were not found in 
the liver and spleen in our animals although seen in i case in the connective 
tissue cells of the markedly infiltrated capsule of the latter. 

They varied considerably in type and intensity of staining reaction. In the 
adrenal they were homogeneous, deeply eosinophilic, oval or spherical, and 
tended to fill the entire nucleus. The chromatin was marginated in every case. 
Occasionally a partial halo could be seen about the inclusion bodies. In the 
salivary glands they varied from multiple small inclusions to single large bodies 
which always had a halo about them. They were rather lightly eosinophilic and 
somewhat irregular, rather than oval or spherical. In general they were coarsely 
granular rather than homogeneous. In the kidney and seminal vesicle the in- 
clusions resembled those seen in the salivary glands. In the skin some of the 
epidermal cells contained smaU, irregular, deeply eosinophilic intranuclear in- 
clusions which were much like those seen in glial cells to be described later. They 
were either large, single and homogeneous, or multiple and separated often by 
bars of chromatin. As found in striated muscle, the inclusions were single, small, 
very deeply eosinophilic, homogeneous, oval or spherical, and had halos about 
them. In Schwann and endoneurial cells they resembled closely the inclusions 
seen in the adrenals, while in blood vessels they were more like those seen in 
muscle. 

In the nerve and glial cells, the spinal cord and brain, inclusions of all the 
varying types described above were seen. In general the inclusion bodies in the 
nuclei of the nerve cells were homogeneous, deeply eosinophilic and had halos 
about them. Very frequently they filled the entire nucleus, as in the adrenal. 
Occasionally they were granular and irregular, the granules being rather uni- 
form in size. Often they were small, compact, deeply staining and multiple. 
The cytoplasm of the affected nerve cells was always very pale staining and 
lacked density. In one instance this change was found in the cytoplasm of nerve 
cells in the basal ganglia without intranuclear inclusions. The animal had had 
cerebral symptoms, but showed neither infiltration nor inclusion bodies. 

In the glia cells the inclusions were homogeneous and filled the nucleus or had 
a slight halo. Frequently, however, they were small, irregular, multiple and 
separated by bars of chromatin, as in the skin. In one rabbit injected in a num- 
ber of abdominal viscera, there was the usual inception of nervous symptoms by 
a limb paralysis. There were no inflammatory changes in the spinal pia arach- 
noid or spinal cord. Numerous intranuclear inclusions associated with degenera- 
tion werg observed in the glial and nerve cells of the cord, however. 

The so-called B virus, isolated from the same human material by Dr. A. B. 
Sabin, is probably identical with the one here described. 

Discussion 

(Dr. Albert B. Sabin, New York City.) This virus, the pathology of which 
Dr. Wolf has just described, is a very interesting one. It was isolated simultane- 
ously from the same case by Drs. Gay and Holden, and by myself. They called 
it W virus; I called it B virus. I see by this work that the two viruses which 
we have studied individually are apparently identical, but at one time they ex- 
pressed the opinion that their W virus was herpes. I should like to know whether 
further studies since then have caused them to change their minds, and whether 
the description just given is for herpes or for a distinct virus. I have since then 
published the results of an extensive biological and immunological investigation 
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which showed that while the B virus is realted to herpes and pseudorabies, it 
can be distinguished clearly from them by serological and biological methods. 
One of the important biological distinctions from herpes is that the B virus is 
pathogenic for the Macacus rhesus monkey. It may be recalled that the human 
disease followed a bite by a rhesus monkey. It has been possible to show that 
apparently the B virus causes a mild natural disease in the rhesus monkeys, 
while when transmitted to more susceptible hosts it produces a disease and 
lesions of the same type seen in man and the rabbit. It belongs to a group 
of viruses which might be termed pantropic, because of their pluriceUular 
affinities. 

(Dr. William Boyd, Winnipeg.) Are the lesions in all the organs purely de- 
generative, or did those in the brain show any inflammatory changes in addition 
to the degeneration? 

(Dr. Wolf, closing.) In answer to Dr. Sabin, to my knowledge there has been 
no further work by Gay and Holden on the question of the relation of this virus 
to the herpes virus. My own interest in the problem is in the pathology and 
from that point of view I consider that this W virus is identical with the B virus. 

In the majority of the organs inflammatory changes were present. But these 
were not marked and did not form an important part of the picture. In one 
rabbit intranuclear inclusions were found throughout the cells of the spinal cord, 
but no inflammatory reaction at all. 

Shwartzman Phenomenon in Vaccine Vratrs Lesions. Lewis Henry Koplik 
(by invitation), New York City. 

Abstract . Recently Gratia and Linz * elicited the Shwartzman phenomenon by 
combined intradermal injections of testicular vaccine virus and intravenous in- 
jection of B. coli culture filtrate. It was considered of interest to determine 
whether vaccine virus cultured in vitro would have a skin-preparatory potency 
and, furthermore, Avhether the intravenous injection of vaccine virus prepara- 
tions following an intradermal injection of the culture virus would elicit a local 
response at the site of vaccination. 

Vaccine virus was cultured according to the method of Rivers (Rivers, T. M., 
J . Exper. Med., 1931, 54, 453-461, and Li, C. P., and Rivers, T. M., J. Exper. 
Med., 1930, 52, 465-470). B. typhosus culture ffitrate was made as described 
by Shwartzman (Shwartzman, G., Proc. Soc. Exper. Biol. Med., 1929, 26, 
843~845). Stock rabbits were used. They were each injected with 0.25 cc. of 
cultures of vaccine virus fresh or glycerinated. From i to 8 days later they re- 
ceived an intravenous injection of B. typhosus culture filtrate, of vaccine virus 
culture or of neurovirus. The effect of repeated intradermal injections of vac- 
cine virus cultures was also noted. 

Following the intravenous administration of B. typhosus culture filtrate (20- 
40 units per kilo), of culture virus (1-2 cc. per kilo), or of neurovirus (o.i cc. 
per kilo) to rabbits vaccinated with culture virus 3 to 6 days previously, there 
was a marked change in the appearance of the local lesions in such rabbits as 
compared with control rabbits. The vaccinia vesicles and pustules became sur- 
rounded in 5 to 20 hours by areas of hemorrhage into the skin and subcutaneous 
tissue. These changes were observed in 60 per cent of the animals so treated 
but not in the controls. This phenomenon was not observed when the intrave- 

* Gratia, A., and Linz, R. Compl, rend. Soc. de Biot., 1932, 108, 238. 
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nous injection followed the intradermal after i or 2 days or in the healing state 
{i.e. after 7 or 8 days). A second intradermal inj'ection of culture virus after an 
interval of 3 days at the site of the first did not produce visible hemorrhage 
around the vaccinia lesion. Culture virus heated to 58° C. for 10 minutes was 
also ineffective in preparing the skin or in producing a state of local reactivity 
when given intravenously. Glycerine alone did not act as a skin-preparatory 
factor, and testicular extract caused only a localization of the vaccine virus, if 
intradermal inoculation of such extract was followed within 6 hours by an in- 
travenous inj'ection of the virus. 

From our results it is evident that vaccine virus cultures are effective in pre- 
paring the skin of rabbits for the Shwartzman phenomenon when the intra- 
dermal inoculation of such cultures is followed after an interval of 3 to 6 days 
by an intravenous inj'ection of similar culture virus, of neurovirus or of B. 
typhosus ctdture filtrate. The virus must be potent and an active lesion is essen- 
tial for the elicitation of hemorrhage at the local site. 


Pathological Aspects of the Local and General Shwartzman Phenom- 
enon. I. E. Gerber (by invitation), New York City. 

Abstract. Detailed histological studies of the local Shwartzman phenomenon 
were previously made by Karsner and Moritz, Apitz, and Elielanowski and 
Selzer. The present study was undertaken in order to determine the sequence 
of events in the appearance of the hemorrhagic reaction in the skin. Experi- 
ments were performed with bacterial filtrates of ascertained skin-preparatory 
potency in various dilutions. The skin preparation was followed by intravenous 
inj'ections after various intervals of time. The actions were studied at various 
periods. It was observed that no parallelism existed between the degree of in- 
flammation following skin preparation alone and that following the appearance 
of the phenomenon. A slight degree of preparatory inflammatory reaction may 
be followed by a marked hemorrhagic and inflammatory response upon in- 
travenous injection of the bacterial filtrate. The reaction in the skin after the 
intravenous injection is out of proportion to the infla mm ation that results from 
mere augmentation of the preparatory inflammatory reaction by repeated skin 
injection alone. 

Apitz recently described the general Shwartzman phenomenon obtained by 
means of two successive intravenous injections of bacterial filtrate 24 hours 
apart. Each intravenous dose varied from 0.5 to 5.25 cc., or were given so that 
a total of 0.7 cc. was administered in 3 divided doses on the ist day and a total 
of 6.3 cc. in 3 divided doses on the 2nd day. The internal organs showed diffuse 
vascular and concomitant degenerative changes. In the present study a series 
of rabbits received two successive intravenous injections of bacterial filtrate, 
with an interval of 24 hours between the injections. The potency of these fil- 
trates was ascertained by their ability to elicit the local Shwartzman phenom- 
enon. The doses ranged from 50 to 500 reacting units, i.e. 0.005 to r cc. Some 
rabbits also received skin-preparatory injections simultaneously with the first 
intravenous injection. Widespread pathological alterations were observed in the 
internal organs. These consisted of diffuse vasoilar changes in the kidneys, 
lungs, and liver, and apparently concurrent degenerative changes in the heart, 
liver and kidneys. 
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Discussion 

(Dr. Eugene L. Opie, New York City.) It seems to me doubtful if these ex- 
periments exclude the possibility that inflammation has a significant part in the 
production of the Shwartzman phenomenon. The tests that are described show 
that substances causing the Shwartzman phenomenon are inflammatory irri- 
tants. The experiments of Menkin and a number of others have shown that 
some readily recognizable substance, such as trypan blue injected into the circu- 
lation, localizes in an inflamed area when the dye is used to produce a conspicu- 
ous blue spot. If a similar process occurs with the reactions that have been de- 
scribed, the vaccine of the second injection may accumulate at the site of the 
first injection and reaching it by way of the vascular system may produce the 
hemorrhage and thrombosis that accompany the Shwartzman phenomenon. 

(Dr. Howard T. Karsner, Cleveland.) I am very mpch gratified that Dr. Opie 
made the statement that he did, and I hope that what he had to say will allow 
Dr. Gerber to continue what he undoubtedly thought of in connection with the 
general Shwartzman phenomenon. However, I do not think that what Dr. 
Gerber said alters the statement which has been made by several people, includ- 
ing Moritz and myself, that the inflammation which succeeds upon the injection 
of the protective factor is different from that which follows the primary injec- 
tion, only quantitatively and not qualitatively. 

(Dr. Gregory Shwartzman, New York City.) I should like to draw Dr. Opie’s 
attention to the fact that a number of various substances of non-bacterial origin 
were tested by me and other investigators. Not a single one was shown thus far 
to produce the necessary state of reactivity in the rabbit. Dr. Freund reported 
in a recent publication that silver nitrate, which produces primary hemorrhages, 
also elicits the state of reactivity in the guinea pig. The author did not state 
whether he tested this preparation in rabbits. So far, I have tested 45 rabbits 
with various dilutions of silver nitrate. Silver nitrate usually produces a pri- 
mary necrotic lesion, but no effect is produced by the subsequent intravenous 
injection of a potent bacterial filtrate upon the prepared site. 

The various non-bacterial substances which were used for skin preparation 
are those capable of eliciting the severest tjqie of primary inflammation (turpen- 
tine, arsenic, and so on) ; those producing acute vasodilatation, vasoconstriction, 
and vasoparalysis (histamine, adrenalin, acetylcholine, calcium chloride, 
urethane ethyl, and so on) ; antigen-antibody complexes (horse serum plus anti- 
horse rabbit serum, eggwhite plus eggwhite antisenun, and so on), various sub- 
stances blocking the reticulo-endothelium system and the like. None of approx- 
imately 60 of the various non-bacterial substances employed ever produced any 
state of reactivity. In recent work, Kielanowski excised small portions of skin 
at various periods of time after preparatory injection. Rabbits were then given 
the provocative injection. The remaining non-excised portions of the prepared 
site served as a control as to the susceptibility of the animal to the phenomenon. 
In his extensive histological studies he found that the degree of primary inflam- 
mation bore no relationship to the reaction produced by the subsequent in- 
travenous injection. Moreover, Apitz studied the inflammation produced by 
bacterial filtrates in animals refractory to the phenomenon (rats). It is ex- 
tremely interesting that the degree of primary inflammation observed was the 
same as in susceptible animals. In addition, there are a number of various bac- 
terial filtrates which produce a considerable degree of primary inflammation 
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(staphylococcus, streptococcus, pneumococcus filtrates, and so on) and yet 
completely fail to elicit the state of reactivity. 

It is perfectly true that fixation of particulate matter by inflamed tissues 
clearly postulated by Dr. Opie may play an important role in the localization of 
the toxin from the blood stream. Naturally, the reacting factors must localize 
in the tissue in order to produce an effect, but there is no doubt whatsoever that 
there must be recognized also a peculiar type of a reactivity in the tissues elicited 
by special bacterial factors. This reactivity is quite apart from the incidental 
inflammation. Furthermore, there must be recognized also some additional 
dynamic factors which would be responsible for the production of the dramatic 
lesion following their localization. 

(Dr. Theodore J. Curphey, New York City.) I should like to ask Dr. Gerber 
whether he made any platelet counts on the rabbits at the height of the reaction 
in an attempt to explain the thrombi that they show. 

(Dr. Gerber, closing.) In answer to Dr. Curphey, we have not done any 
hematological studies on these animals. 

Transmission Experiments oe the Virus of Poliomyelitis in Mice. Mau- 
rice Brodie, Samuel Goldberg and (by invitation) Phyllis Stanley, New 
York City. 

Abstract. The mouse was used in this work owing to the fact that the virus of 
poliomyelitis survives for a longer time in the mouse brain than in that of the 
other small laboratory animal. 

Three series of mice were subjected to 7 or more short doses of X-ray, follow- 
ing which they were injected intracerebrally and intraperitoneally with polio- 
myelitis virus. In the first series on the nth and 12th day after injection the 
mice were slow, weak and had ruffled hair. Inoculation into mice and a monkey 
of a suspension of the brains of several of these mice produced no reaction. The 
second series of mice showed symptoms similar to those of the preceding series 
after the same interval of time following injection of the virus. Untreated mice 
injected with a suspension of these brains showed identical symptoms but with 
a shorter incubation period. The virus has been carried through 17 generations 
in mice, during which time the incubation period has become shortened to 3-4 
days, the infectivity of the virus for the mouse increased and the s3mptoms have 
become more clear-cut. The injection of the suspension of brain material from 
the original mice of this series, into a monkey, produced a rise in temperature, 
but in the next passage in mice gave what seemed like typical poliomyelitis. 
Passage 3 also gave the typical disease in monkeys, while with passage 7 and 8 
specific neutralization was obtained with three specimens of serums having 
•poliomyelitis antibodies. 

The mice of the third series behaved like those of the second. Passage of their 
brain material into untreated mice produced similar symptoms. A suspension of 
their brains produced a typical poliomyelitis when injected into a monkey and 
on the 2nd passage up to a 1 15000 dilution and on the 8th passage to a i :iooo di- 
lution of the mouse brain. During the transmission of the virus of this series 
through 14 generations of mice, it has undergone changes in incubation period, 
infectivity and symptoms produced, identical with those of the preceding series. 
Specific neutralization was obtained up to the i6th passage. 

In the mouse, the disease produced by the injection of this virus is acute. It is 
evidenced by irritability, ruffled hair, ataxia, humped back, convulsions, t'wisting 
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of head and death. In the mouse, the pathology is found mainly in the brain and 
meninges. In the subarachnoid space it consists of mononuclear infiltration 
which is mainly perivascular. Perivascular collars, areas of hemorrhage, focal 
areas of necrosis and glia reactions are seen in the cerebrum. The spinal cord and 
brain stem show an occasional perivascular collar and some hemorrhagic foci. 
The cerebellum appears normal. The distribution of the virus shows some corre- 
lation with the histopathological picture. We appear to have transmitted the 
virus of poliomyelitis for the following reasons: 

1. The virus has been successfully transmitted from mouse to monkey and 
from monkey to monkey and mouse. 

2. Serum from convalescent and actively immunized monkeys and humans 
neutralized the virus. 

3. The neutralizing power of various serums appeared to correlate when 
tested both in mice and in monkeys. 

In the 17th passage and thereafter of both series the mice came down in the 
usual inculjation period and with what appeared to be the same symptoma- 
tology. However, the disease incitant was no longer neutralized by poliomye- 
litis neutralizing substance, nor did it produce paralysis in monkeys. 


Discussion 

(Dr. J. Furth, New York City.) Is the application of repeated small doses of 
X-rays preferable to a single massive dose? It has been found in our laborato- 
ries that a single massive dose of hard X-rays increases susceptibility to several 
agents and inflicts profound damage upon the blood-forming organs. To under- 
stand the mechanism of increased susceptibility to the virus of poliomyelitis, it 
would be significant to know whether soft X-rays are necessary to produce it. 

(Dr. Albert B. Sabin, New York City.) I should hke to ask two questions: 
first, is the mouse passage virus pathogenic for guinea pigs and rabbits, and 
second, is a monkey convalescent from monkey passage virus resistant to mouse 
passage virus, and is a monkey convalescent from mouse passage virus resistant 
to monkey passage virus? 

(Dr. Edwin W. Schultz, Leland Stanford University, Calif.) I should like to 
ask whether the anterior horn cells showed neuronophagia. 

(Dr. Brodie, closing.) We do not know whether a single large dose of X-ray 
would be any better than repeated doses, because we did not try it. The only 
thing we tried to do was to get a block of the reticulo-endothelial system by a 
single large dose of India ink. 

We have not been able to infect guinea pigs or rabbits, which I did not men- 
tion, with the virus. 

In reply to Dr. Sabin’s question, a monkey that recovered from mouse passage 
virus showed neutralizing substance for the monkey passage virus; we did not 
inoculate this animal directly intracerebrally, inasmuch as it died soon after be- 
ing bled. Monkeys immunized with mouse passage virus showed specific anti- 
bodies v/hich neutralized the monkey passage virus. 

In reply to Dr. Schultz, even though the mice occasionally showed what ap- 
peared to be paralysis, they never showed sufficient in the spinal cord to account 
for it. We found no neuronophagia in the spinal cord. The only lesions we have 
found are mononuclear infiltration of the subarachnoid space and some peri- 
vascular infiltration in the gray and white matter, and some hemorrhage, but no 
nerve cell destruction. The spontaneous mice virus which we picked up looked 
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more like polio than the other because we found what appeared like definite 
destruction in the spinal cord. 

TRANSjnssiON OF Equine Encephalomyelitis by Mosquitoes. Carl Ten 
Broeck and (by invitation) Malcolm H. Merrill, Princeton, N. J. 

Abstract. Since in the East the great majority of cases of equine encephalomye- 
litis are found along the shore line, the ability of a number of salt marsh mos- 
quitoes to transmit the disease has been tested. Aedes sollicitans, the salt marsh 
mosquito found most abundantly in the regions where the disease occurs, can be 
infected by feeding on infected brain mixed with blood, or on an infected guinea 
pig or horse. It apparently retains the virus as long as it lives and regularly 
transmits it by biting. Transmission of the virus from infected to normal guinea 
pigs and from infected horses to normal guinea pigs and a horse has been ob- 
tained. 

Further experiments, not so extensive, indicate that Aedes cantator, Aedes 
taeniorhynchus and Aedes vexans wiU also act as transmitting agents. The last 
is a fresh water mosquito which may be involved in the transmission of the 
Western type of the disease. Transmission experiments using Culex pipiens and 
Anopheles quadrimacidahis have been uniformly negative. 

In making transmission experiments it is important that mosquitoes be fed on 
material containing virus of high titer. When the titer is low the virus can be 
demonstrated immediately after feeding by inoculation of a suspension of 
crushed mosquitoes, but inoculation and feeding experiments at 5 days and 
thereafter are negative. 

Discussion 

(Dr. Marshall Hertig, Boston.) I should like to inquire the method by which 
the mosquitoes were fed the suspension of brain and blood. 

(Dr. Ten Broeck.) The mosquitoes were starved for 4 days and kept for 24 
hours without water, after which the virus was offered them and they took it 
readily. 

(Dr. Hertig.) How was it applied? 

(Dr. Ten Broeck.) On a piece of cotton. 

Further Studies on the Infectivity of Trachoma. L. A. Julianelle and 
(by invitation) R. W. Harrison, St. Louis, Mo. 

Abstract. Studies conducted in this laboratory reveal that trachoma is an infec- 
tious disease transmissible to monkeys. The specificity, course and nature of 
the experimental infection, together with the natural resistance of certain ani- 
mals to trachoma, their lack of acquired immunity to the disease following in- 
fection, the inability to establish the infectious agent permanently in monkeys, 
and so on, have already been reported. Since that time the investigation has 
been devoted almost exclusively to the determination or demonstration of the 
causative agent of trachoma. The general method employed has been that of 
elimination and up to the present the following is the information gained from 
this study. 

It was established very early that faulty or deficient diet plays no accessory 
part in the causation or evolution of the disease. Elaborate studies of the bac- 
teria cultivable from trachomatous tissues indicate that the infectious agent is 
not bacterial, whether considered as a single specific organism or as several or- 
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ganisms associated in a non-specific infection. Further experiments revealed that 
under the usual conditions of filtration the infectious agent does not traverse 
Berkefeld filters. 

It appeared, then, that the incitant of trachoma resides in that field flanked on 
one side by bacteria and on the other by filterable viruses. This includes, there- 
fore, (i) the basophilic, heterogeneous, epithelial cell inclusion described by 
Prowazek and Halberstader, (2) Rickettsiae, (3) non-filterable viruses, or (4) 
some unknown and unsuspected agent. Epithelial cell inclusions are difficult of 
reconciliation because materials not containing inclusions are frequently infec- 
tious, and materials containing inclusions are frequently not infectious. Fur- 
thermore, despite numerous examinations, inclusions have never been found in 
preparations from monkeys infected experimentally. 

Repeated examinations in the human and monkey have revealed no Rickett- 
siae, and cultivation by tissue culture methods has yielded thus far cultures 
completely devoid of bacteria or Rickettsiae, and even infectivity. 

In attempting to acquire information on the non-filterable virus concept of 
the disease, it has been found that active trachomatous tissues preserve their 
infectivity for 2 weeks or more following inoculation in the rabbit and guinea pig 
testicle. The ground testicle is infectious for monkeys, inducing the typical 
signs of the experimental disease. The testicular material is bacteria-free; it 
shows no distinct pathological changes, grossly or microscopically; it exhibits no 
organisms or inclusions, and on tissue culture yields no growth of infecting or- 
ganisms as determined by direct examination or inoculation of monkeys. Sim- 
ilar manipulation of normal testicle, or testicle inoculated with material from 
folliculosis of humans, from chronic conjunctivitis of unknown origin, and even 
from non-infectious trachoma induce no changes in the conjunctiva of monkeys. 
Simultaneous inoculation of active or inactive trachomatous tissues and normal 
testicle does not affect the original degree of infectivity of the material. It is not 
possible to interpret the significance of these experiments at the present time. 
The work is being reported not to define the infectious agent of trachoma, but 
merely to indicate the adoption of a new method in the study of the etiology of 
this disease. Whether this method viU prove fruitful or not must wait upon 
further work. 


The Pathogenicity oe Brucella Abortus eor White Mice. William H. 

Feldman and (by invitation) Carl Olson, Jr., Rochester, Minn. 

Abstract. For the purpose of determining the pathogenicity of the cattle and 
swine varieties of Briicellu abortus for white mice, 3 different strains of Br. abor- 
tus bovis and 3 of Br. abortus suis were used to inject a total of 36 animals. The 
mice were divided into three groups for the purpose of autopsy and one group 
was killed after 30 days, another after 44 days, and the third group after 70 days. 
Practically all of the animals survived the respective periods of the experiment 
and Br. abortus was recovered from the spleen of 28 or approximately 83 per 
cent of the 34 animals in which recovery of the organism was attempted. Bru- 
cella agglutinins of significant titer occurred in nearly aU the animals whose 
blood was tested. The pathological anatomy was also studied and while gross 
manifestations of the disease w'ere infrequently seen in the respective mice, char- 
acteristic microscopic lesions were present in most of the animals. The lesions 
w’hich were essentially diffuse or focal accumulations of histiocytic cells of peri- 
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vascular inception occurred most often in the kidneys and liver. The spleen, 
testes and epidid3Tniis were affected less frequently. 

Conclusions 

1. Cattle and swine strains of Br. aborltis when injected intraperitoneally are 
pathogenic for white mice. 

2. BruceUa agglutinins are present in the blood of the inoculated animals and 
the specific organism is recoverable from the spleen. 

3. Although grossly visible evidence of a diseased state infrequently occurs, 
rather characteristic lesions of the kidneys, liver, and less frequently of the 
spleen, testes and epididymis, may be observed microscopically. 

4. White mice should be satisfactory animals for the isolation of Br. abortus 
from spontaneously infected material. 


The Relation of Allergy, Resistance and Antibodies in Animals Vac- 
cinated TOTH THE Calmette-Guerin Bacillus (B. C. G.). B. J. Claw- 
son, Minneapolis, Minn. 

Abstract. Allergy and resistance were studied in relation to each other and in 
relation to antibodies in the serums of animals vaccinated with B. C. G. 

Allergy as discussed refers to the phenomenon illustrated by the skin tuber- 
culin reaction. 

Resistance was indicated by a partial or complete retardation of the progress 
of infection due to virulent strains of tubercle bacilli. 

The antibodies studied were agglutinins, complement fixation antibodies, 
opsonins and lysins. 

Methods and Materials: (A) Allergy. Rabbits were vaccinated so as to pro- 
duce allergy in some but not in others. Allergic rabbits were desensitized and 
the antibody content of the desensitized rabbits studied. A method of injecting 
animals to produce a degree of allergy and a minimum or no measurable antibody 
content in the serums was also employed. 

(B) Resistance. Resistance due to vaccination was determined by comparing 
the degrees of tuberculosis in normal and vaccinated animals following an inocu- 
lation with a lethal dose of a virulent strain of the tubercle bacillus. The anti- 
body content was studied in vaccinated resistant animals. 

(C) Relation of Allergy to Resistance. The three methods used for this study 
were: (i) to vaccinate animals so as not to produce allergy; (2) to wait for the 
allergy to disappear before giving the virulent injection; and (3) to compare the 
duration of allergy and resistance. 

Restdts of Experiments: There appeared to be no definite proportionate or 
necessary relation between the presence of allergy, as manifested by the intra- 
venous tuberculin skin reaction and antibodies in the blood. 

Definite resistance against virulent injections was developed by vaccinating 
rabbits and guinea pigs with B. C. G. The antibody titers were uniformly in- 
creased in the vaccinated resistant animals. 

No proportionate or necessary relation appeared to exist between the phe- 
nomenon of allergy and the immune state (resistance). 

The degree of the titers of the antibodies tended to correlate the degree of 
resistance. 
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Discussion 

(Dr. Max B. Lurie, Philadelphia.) I am very much interested in hearing Dr. 
Clawson’s statement of the lysin effects on tubercle bacilli in vitro. It has not 
been stated whether the effects are due to the cells or to the serum in the system. 
Certainly if you take highly immune serum, if you take the sera or plasma of ex- 
tensively tuberculous rabbits highly immune to tuberculosis, and incubate that 
with tubercle bacilli, you find that they actively support the growth of the bacilli 
even to an extent greater than that of normal plasma. Is it due to the cells or to 
the plasma in the mixture? 

(Dr. Joseph D. Aronson, Philadelphia.) I am in accord with Dr. Clawson in 
that there may be no relation between allergy and resistance. However, I can- 
not agree that there exists a relation between resistance and antibodies. A num- 
ber of years ago I carried out a series of experiments on goats and sheep, which 
were bronchoscoped and small amounts of tubercle bacilli were then 
sprayed into the trachea at irregular intervals. For a period of several years 
serological reactions and the tuberculin reaction were carried out on these ani- 
mals. No correlation could be established between the antibody content, the 
sensitivity to tuberculin, the longevity of the animals and the extent of tuber- 
culosis. The animal that lived the longest and had marked fibrosis of the tuber- 
culous lesions of the lung had the smallest amount of humoral antibodies. I 
have not succeeded in modifying the course of tuberculosis in guinea pigs treated 
with large amounts of immune serum obtained from goats or sheep hyperim- 
munized with the tubercle bacillus. Nor was the course of tuberculosis modi- 
fied by the injection of such antiserums previous to injection of guinea pigs with 
virulent tubercle bacilli. 

(Dr. L. Dienes, Boston.) I made some observations which correspond to those 
of Dr. Aronson. By the treatment of tuberculous guinea pigs with virulent 
tubercle bacilli strong antituberculous serums were produced which gave com- 
plement fixation with tubercle bacilli in the dilution of i :2ooo or higher. As 
large doses as 15 to 20 cc. of these serums exerted no protective action in guinea 
pigs. I have seen also that very strong allergy produced with killed tubercle 
bacilli is not necessarily associated with increased resistance. The slower or 
faster progress of the disease and the resistance to new infection seem to depend 
on many specific and non-specific factors. Probably some of these factors are 
yet unknown; their way of cooperation is also unknown. At present it seems 
best to keep our judgment in suspense in the problem of tuberculosis immunity. 

(Dr. E. T. Bell, Minneapolis.) Whatever theoretical considerations there may 
be against Dr. Clawson’s work, we must not lose sight of this main fact — that 
the great majority of these animals were completely protected against massive 
inoculations of tubercle bacilli, the guinea pig against the human strain, the 
rabbit against the bovine strain. The controls were riddled with tuberculosis, 
but the vaccinated animals for the most part showed no lesions whatever. 

(Dr. E. L. Opie, New York City.) It seems to me that our methods of meas- 
uring sensitization are unsatisfactory because we depend on a skin reaction in 
which a variety of factors is involved. We use tuberculin prepared by prolonged 
heating, and very different from the antigenic substances associated with the 
living tubercle bacillus. In the reactions used to measure antibodies several 
factors may be involved, and though two of these factors may remain constant, 
another factor may vary. Hence we should not expect an exact complete paral- 
lel in the occurrence of the reactions that are associated with sensitization and 
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resistance in tuberculosis, I should like to know what was the method of meas- 
uring lysis. 

(Dr, E, M. Medlar, Mt. McGregor, New York.) I should like to ask Dr. 
Clawson how long he kept his animals. Tuberculosis is a disease of long stand- 
ing, and you cannot draw definite conclusions from experiments in tuberculosis 
unless you keep your animals for some time. Recently I have had rather an in- 
teresting result in which I inoculated guinea pigs with living B. C. G., and kept 
them isolated where there was no chance of their becoming contaminated with 
any other tubercle bacillus. I forgot aU about them. They had been isolated for 
years when I finally sacrificed them. One of the animals was riddled with 
tuberculosis. It appeared perfectly healthy at the time of killing. 

(Dr, Stuart Mudd, Philadelphia.) Had these B. C, G, cultures been main- 
tained according to Cahnette or had they been altered? 

(Dr. Medlar.) It was an original Calmette culture which we received in 1929. 
This culture has always been grown on a bile-glycerin-potato medium, as recom- 
mended by Calmette. 

(Dr. Clawson, closing.) In reply to Dr. Lurie’s question, I first will answer 
Dr. Opie as to how lysis was determined. It probably may not be correct to say 
that I had a humoral antibody. The lysis here took place within the phagocytic 
cells. The cells were obtained by injecting 100 cc. of paraffin oil into the peri- 
toneal cavity of a normal rabbit. In 4 days the material was taken out, which 
gave a very heavy suspension of almost pure mononuclear leukocytes. Equal 
amounts of those cells, plus serum at a dilution of i :75, plus a measured amount 
of B. C. G. were put on a mixing wheel and rotated for i hour in an oven at 
37° C. Then a measured amount was put onto a measured surface on a slide and 
fixed with methyl alcohol and stained with the acid-fast stain. The determina- 
tion of the lysis was made by determining the absence of the organisms by acid- 
fast or non-acid-fast stain. I realize this is a rather crude method, and do not 
depend on it very much unless there is a decided change. A 50 per cent reduc- 
tion was considered certainly significant. The lysis does not take place in the 
serum. The serum without the cells did not reduce the number of B. C. G. 

Dr. Aronson brought up a few points which I think I should make some state- 
ments about. The fact that antibodies are not detectable in serum does not 
prove the absence of the potentialities of antibodies, I find animals which will 
not show antibodies at the time of protection. If they are injected intrave- 
nously and then examined the next day for antibodies, the antibodies wiU come 
back up almost as high as they were normally. This I think cannot be due to a 
new development of antibodies. 

In regard to Dr. Opie’s statement as to the methods of measuring, I realize the 
methods of measurement in all the work on allergy and the concentration of 
antibodies are very crude. However, with the animals I used i mg. of Old 
Tuberculin; it is of such potency that when 0.05 of a mg. is injected intracutane- 
ously into a positive individual a strong reaction is elicited. 

In answer to Dr. Medlar’s question, how long do I keep the animals, I pre- 
sume he refers to the time I keep the animals after injection with B. C. G. The 
animals are kept from 3 weeks to as long as 5 months after being injected with 
B. C. G. and never did I find any progressive lesions. I did find microscopic 
lesions in the lungs in the animals which were injected intravenously with living 
B. C. G. The other animals were kept from 90 to no days, and those that sur- 
vived were killed. 
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Bacterial Localization and Growth in Normal and Immune Tissues. 

Paul R. Cannon, Chicago, 111 . 

Abstract. The object of these experiments was to determine the comparative 
ability of certain organs of normal and of actively immunized animals to remove 
living bacteria from the blood stream and to ascertain the effects of immuniza- 
tion upon the growth proclivities in the different organs. The method was to 
excise the organs aseptically at varying periods of time after the intravenous 
injection of the bacteria, followed by incubation at 37° C. for 22 to 24 hours, in 
order to allow bacteria present in a tissue at the time of death of the animal to 
grow into colonies. The tissues were then fixed, sectioned and stained to demon- 
strate the bacterial colonies. Broth cultures of Staphylococcus aureus, B. ty- 
phosus and pneumococcus t3TDe I were used in order to avoid the introduction of 
masses of microorganisms into the blood stream, injected in equal amounts, 
simultaneously, into a normal and an immunized rabbit. The animals were 
sacrificed at intervals of from 20 minutes to 24 hours. 

The results may be summarized as follows: 

I. Bacterial colonies of Staphylococcus aureus and B. typhosus developed 
readily in the liver, spleen, lungs, kidneys and blood of both normal and immune 
animals. The colonies were most numerous in the liver and spleen, and in the 
earher stages much more numerous in the immune animals, showing both the 
concentrating activity of these organs and the ability of the bacteria to with- 
stand any bactericidal action of tissue fluids to the extent of preventing abun- 
dant growth. In fact, staphylococci were able to grow in the blood within the 
cardiac ventricle of immune animals injected intravenously at least 18 hours 
before the animal was sacrificed. There was very little tendency for colonies 
to appear in the kidneys or lungs, although they were present in animals killed 
comparatively soon after intravenous injection, but in negligible numbers, as 
compared with those observed in the liver and spleen. 

The conclusions drawn are that bacteria tend to accumiflate and concentrate 
in the immune liver and spleen in greater numbers than in the normal liver and 
spleen under comparable conditions. Furthermore, the bacteria can withstand 
the bactericidal activity of the blood and tissue fluids to a considerable degree, 
and after the death of the cells can grow into colonies. Colonies do not develop 
in many organs with a rich blood supply, such as the lungs, kidneys, pancreas or 
myocardium, thus shelving the relative inertness of ordinary capillary endo- 
thelium as a phagocytic tissue. The results indicate the predominant influ- 
ence of phagocytic cells in the removal of bacteria from the blood and suggest 
the inadequacy of the blood and tissue fluids as bactericidal agencies after the 
death of the cells themselves. 


Discussion 

(Dr. klax B. Lurie, Philadelphia.) I was very glad to hear the report of this 
paper because for several years I have studied the fate of tubercle bacilli in vari- 
ous organs after intravenous inoculation of rabbits. By culturing known quan- 
tities of the different organs on egg media, and then determining the number of 
colonies that developed from a given tissue, it was found that 24 hours after in- 
jection the localization was exactly as Dr. Cannon has reported. The quantity 
distributed in the different organs is as follows: The greatest amount per weight 
of organ is found in the spleen, next to that in the liver, next to that the bone 
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marrow, which Dr. Cannon has not studied, next to that in the lung, and least 
of all in the kidney. 

(Dr. E. T. Bell, Minneapolis.) Dr. Cannon no doubt realizes that this local- 
ization of the bacteria is due to the distribution of the reticulo-endothelial 
system. The liver and the spleen contain the greater part of this. The reticulo- 
endothelial cells take up the bacteria, which are held there. The absence of bac- 
teria in the kidneys is due to the fact that the endothelial lining of the glomeru- 
lar capUlaries is extremely thin; there is practically no cytoplasm in any of these 
cells in the normal kidney. There is nothing in the glomeruli that can act as a 
phagocyte. Whenever a bacterium is found in the glomerulus it is either mechan- 
ically stuck to the capillary wall or taken up into a polymorphonuclear in the 
blood. This is the distribution of India ink when it is injected in small quanti- 
ties. 

(Dr. Stuart Mudd, Philadelphia.) I should like to ask whether there is a dif- 
ference between survival and later history of the bacteria in the normal and im- 
mune animals. 

(Dr. Theodore J. Curphey, New York City.) Was there any tendency for 
localization of the pneumococci? 

(Dr. Cannon, closing.) In reply to Dr. Curphey’s question, I would say that 
the use of pneumococci in this work was not very successful as the organisms 
would not grow into colonies but grew diffusely. I saw no tendency, however, 
for localization in the lung as compared with other organs. 

In regard to Dr. Mudd’s question, these animals were all sacrificed within, 
24 hours. My chief object was to see how bacteria would grow in the excised 
organs of immune animals rather than to observe variations in bacterial local- 
ization, but inasmuch as this method demonstrated localizing potentialities of 
different organs, such as Dr. Lurie has just mentioned from his work, and as we 
have found also by determining the germ-content of tissues or organs of animals 
injected intravenously with living bacteria, I thought it was interesting to see 
the correlation from another angle of approach. 

The lack of phagocytic power of glomerular endothelium, as mentioned by 
Dr. BeU, is of interest and is not generally realized. A paper appeared on this 
subject within recent years in which the method of staining bacterial colonies 
after death in excised tissue was used. The author observed that when animals 
were Idlled after 10 minutes and others after 4 hours, more colonies were found 
in the kidneys at the end of 10 minutes than at the end of 4 hours, and concluded 
that this demonstrated a greater phagocytic power in the kidney in the 10 min- 
ute animal than in the 4 hour animal. It seems to me, as Dr. Bell stated, that 
the explanation is quite obvious: the organisms are circulating and being re- 
moved from the blood as they go through the liver, spleen and bone marrow, 
and being washed out of the kidneys, until eventually practically none is left in 
the kidney from which a colony can develop. The point I have been interested 
in is that endothelium, not only in the kidney but elsewhere, as in the pancreas, 
thj^oid, muscle, and so on, is relatively inert, so far as its ability to engulf bac- 
terial particles is concerned 
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On the Mechanism oe Immunity in Tuberculosis. The Fate op Living 
Tubercle Bacilli ivithin a Localized Agar Focus and their Dissem- 
ination IN THE Body op Normal and Immunized Rabbits. Max B. 
Lurie, Philadelphia, Pa. 

Abstract. Sterile 6 per cent agar in saline at pH 7.4 is melted, and when cooled 
to 48° C. is thoroughly mixed with a suspension of virulent tubercle bacilli in 
India ink or tiypan blue. A portion is injected subcutaneously into normal and 
B. C. G. vaccinated or actively tuberculous rabbits; the other portion is cul- 
tmed on egg media. At varying intervals after inoculation, the number of living 
tubercle bacilli present in a given amoimt of the agar coagulum and its surround- 
ing capsule, as weU as that present in the draining lymph nodes and internal 
organs of the normal and immunized rabbits, is determined. The fate of the 
bacilli is then correlated with the histological changes in the corresponding tis- 
sues. 

It was found that the agar coagulum is broken up into particles by an exudate 
of fluid, fibrin and cells, and that the bacilli grow freely in the agar totally away 
from the cells in the normal animal. In the immunized animal they either do 
not grow at all or are markedly inhibited in their multipHcation in this location. 
Under the same conditions tubercle bacflli impregnated in agar and kept at body 
temperature die completely in ii days. These facts point to an extracellular in- 
hibitory factor in immunity to tuberculosis. Yet agar mixed with plasma of 
normal or tuberculous rabbits equally supports the growth of the contained 
bacilli in vitro. 

In the normal animal the bacilli grow dispersed as well as in large, loose col- 
onies. In the immunized animal they either persist in their original form without 
multiplication or grow as minute, dense clumps. This clumping is at least partly 
non-specific, for the same relations obtain with particulate matter such as car- 
bon, which is largely agglutinated in dense masses in the tuberculous animal, 
whereas in the normal animal the carbon particles are largely dispersed and the 
agglutinated masses are less frequent and of looser texture. This is to be cor- 
related with the greater retention of carbon at the site of reinfection than at the 
site of primary infection. 

The bacilli in the normal animal penetrate the surrounding tissue and multi- 
ply unhindered within the cells. In the immunized animal there is little pene- 
tration of the capsule by the bacilli and those that do are actively destroyed by 
the cells. 

However, all these factors which tend to prevent the spread of the bacilli from 
the site of reinfection are insufficient at first, and in the first days, due to the 
greater intensity of the inflammation and the increased lymph flow, more tuber- 
cle bacilli reach the immediate regional nodes in the reinfected than in the 
normal animal. But, due to the greater capacity of the cells to destroy the micro- 
organism, its growth is markedly retarded and they soon disappear in the im- 
munized animal while they multiply unhindered in the normal animal. 

The deeper lymph nodes and the internal organs of the sufficiently immunized 
animal practically completely destroy the few invading bacilli that reach- them, 
whereas the large numbers invading those organs in the normal animal continue 
to multiply. 
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Discttssion 

(Dr. Paul R, Cannon, Chicago.) I should like to ask Dr. Lurie what is his im- 
pression of the cause of the greater extension of the tubercle bacilli to the re- 
gional lymph nodes in the tuberculous am'mals as compared to tlie normal. 

(Dr. Calvin G. Page, Boston.) What kind of egg culture medium was used? 

(Dr. Lurie, closing.) The explanation for the more rapid dissemination of the 
tubercle bacUli from the agar focus in the tuberculous animals is to be associ- 
ated with ^e much greater degree of inflammation at the focus and the much 
greater flow of l)miph from the site of reinfection in the tuberculous animal, as 
compared with that in the normal; this increased lymph flow tends to sweep 
away the bacUli with it. The fixation which is apparent later does not operate 
effectively in the early stages of the tuberculous reinfection. 

In reply to Dr. Page’s question, I have used Lowenstein’s medium as a base, 
in which bone marrow infusion replaced the distilled water, as required by the 
original formula of Lowenstein. 


CULTUILAl AND PATHOGENIC PROPERTIES OF A NeW PATHOGEN ISOLATED FROM 
Human Cases of Meningo-Encephalitis. Caspar G. Burn (by invita- 
tion), New Haven, Conn. 


Abstract. An unidentified bacillus has been isolated during the past 18 months 
at the New Haven Hospital from four individuals, three infants and one adult. 
It was isolated both clinically and at postmortem in pure culture in the three 
infants. In the case of the adult it was found to be in association with a pneu- 
mococcus type HI. The patholog}'^ consisted of multiple foci of necrosis and 
exudation in the liver and occasionally a similar lesion was found in the other 
organs. Two of the individuals showed central nervous system involvement con- 
sisting of hemorrhage and suppurative meningo-encephalitis. 

The organism is a Gram-positive, non-spore-forming bacillus appearing singly, 
in clumps and occasionally in short chains. The colonies on blood agar plates 
resemble those of a hemolytic streptococcus, differing, however, in that the col- 
onies are larger, flatter and more translucent. The usual sugars are fermented 
without gas, except for a delayed fermentation in lactose and glycerin. 

The results with animal inoculations vary with the species of animal em- 
ployed, the number of bacilli introduced and with the route of inoculation. 


Intravenous injection in rabbits varying from 100,000 to 10 million per cc. re- 
sulted in paralysis, convulsions and meningeal irritation on the 4th to 5th day 
and finally caused death. At autopsy, the liver showed diffuse spottings with 
focal zones of necrosis. In the central nervous system, the lesions revealed an 
extensive meningo-encephalitis in which subarachnoid hemorrhage occurred in 
20 per cent of these rabbits. Monkeys developed similar liver and brain lesions, 
but larger quantities of bacilli were required. On the other hand, guinea pigs 
failed to develop central nervous system involvement upon intravenous inocu- 
lation, but instead consistently showed myocardial abscesses which resulted in 
death in 14 to 20 days. 

Carriers were not found in two of the families in which epidemiological studies 
were made. 

Further studies concurring the unusual affinity which these organisms have 
for the central nervous system are now in progress. 
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Disctcssioii 

(Dr. Edwin W. Schultz, Leland Stanford University, Calif.) I should like to 
add a few words to what Dr. Burn has said. About a year ago we reported in the 
Proceedings of the Society of Experimental Biology and Medicine similar ob- 
servations on a case of meningo-encephalitis in a nurse at the Veterans’ Hospital 
at Palo Alto. An interesting feature of this case was that the organism was re- 
covered from the spinal fluid in pure culture 12 times over a period of more than 
3 months. The cultural and experimental observations which we made seem 
exactly like those described by Dr. Bum. The nurse still has residual symptoms. 
We are carrying out further studies on this organism experimentally. I should 
hke to ask Dr. Burn whether he has demonstrated motility in these organisms . 
We have not been able to demonstrate any motility. 

(Dr. WiUiam Boyd, Winnipeg.) Are these sporadic cases? 

(Dr. Bum.) Yes. 

(Dr. Arthur W. Wright, Albany.) I should like to ask Dr. Bum if serological 
and immunological studies were made with the organism which he isolated; and 
also to ask Dr. Schultz if any studies have been carried out with the blood of the 
nurse who survived the infection, to determine whether or not her blood serum 
contained antibodies which were specific for the infecting agent. 

(Dr. Schultz.) We checked all the cultures which were isolated from the nurse 
during this period culturally and serologically against sera produced in rabbits. 
I do not recall the extent to which the nurse’s serum agglutinated, but it did in 
a low dilution eventually. 

(Dr. Burn, closing.) In reply to Dr. Schultz’ question about the motility, I 
have also been unable to demonstrate any evidence of motility; with various 
flagella stains used I have been unable to show any evidence of their presence. 

With regard to the serological and immunological studies, we did some, and 
are carrying out more at the present time. In the rabbits surviving after a 5 day 
period, that is, those inoculated in small quantities, there will be evidence of 
agglutinins in the blood of these animals ranging anywhere from 1:20 to 1:100. 
Also monkeys, though they were more resistant, and larger quantities of bacilli 
had to be used to produce infection, showed agglutination in dilutions from 
I :ioo to I :i 50 in their sera. We are also carrying out some serological tests with 
other strains of organisms we believe culturally related to this organism, and 
believe it agrees in every respect culturally and I think in some respects to the 
pathogenicity of the organisms described by Murray and Webb which they 
isolated from rabbits in 1925. Culturally we cannot differentiate them at all. 
Our strain also produced a definite monocytic response in rabbits within a period 
of 4 to s days, just at the height of the meningitis. Other studies are being made 
along these lines. 

A New Species oe the Genus Monosporium Associated with Chronic 
Otomycosis. David L. Belding and (by invitation) Carl B. Umanzio, 
Boston, Mass. 

Abstract. The association of a species of the genus Monosporium with a chronic 
infection of the ear is recorded for the first time. In the literature this genus has 
been reported chiefly in connection with Madura foot. The external auditory 
canal was lined with crusts, fine white scales, and moist macerated tissue. There 
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was a thin yellow to thick creamy discharge with an offensive odor. The mor- 
phology and cultural characteristics of the fungus indicate that it is a species 
distinct from those that have been reported in man. 


The Bacterial Flora Associated with Foreign Bodies in the Trachea 
AND Bronchi. Carl Joseph Bucher, Philadelphia, Pa. 

Abstract: Two hundred and forty- three specimens of mucopus obtained bron- 
choscopically from the tracheobronchial tree of patients who had a foreign body 
there were cultured. A study was made of the bacteria recovered in cultures and 
the type of foreign body, the age of the patient, and the sojourn in the lung, to 
determine how much importance was to be attached to them. It was concluded 
that the bacterial flora were less important in this respect than the nature of the 
foreign body, the degree of obstruction produced, location in the air passages, 
the sojourn there, and the age of the patient. 

Discussion 

(Dr. Calvin G. Page, Boston.) I have cultured bronchial mucus from more 
than 150 cases with the intention of growing fungi, if they were present, using 
three special sugar media. I should like to ask the speaker if he attempted to 
cultivate fungi. The cases I studied were mostly of routine bronchoscopy for 
tumor and so on, and not for the removal of foreign bodies. The idea was to try 
to find fungi, and I found them in only a few cases. 

(Dr. Bucher, closing.) In addition to the organisms reported on the chart, oc- 
casionally there were Monilia. I suppose they may be classed^as fungi. They 
were the only fungi found. I have cultured several thousand bronchoscopic 
specimens, and they occasionally occurred. 

The Visceral Pathology in Scarlet Fever. Henry Brody (by invitation) 
and Lawrence W. Smith, New York City. 

Abstract. The paper presents a study of 61 autopsy cases of scarlatina and re- 
lated streptococcic infections. It includes a histological report on the non-sup- 
purative, toxic manifestations of the disease in the various viscera. The lesion 
is an interstitial one, consisting of an exudate of round cells, including chiefly 
lymphocytes but also many plasma cells, and other large monocytes. The lesion 
has been found in almost all of the body tissues. It is not, we believe, the result 
of direct injury to the interstitial tissue, but rather, primarily, a widespread 
injury to the vascular endothelium with, secondarily, fluid and cellular exuda- 
tion. 

Lesions of varying severity are found in over 90 per cent of the hearts, in these 
cases, principally as infiltration about the small coronary arteries or as a suben- 
dothelial infiltration of the coronary veins and the endocardium. Similarly, over 
80 per cent of the kidneys show these lesions which are primarily of interstitial 
mononuclear infiltration in the boundary zone between the cortex and medulla. 
In the more extensive cases the picture resembles, both in gross and microscopi- 
cally, lymphatic leukemia. 

The liver is the next most frequently involved organ, the changes being noted 
m over 70 per cent of the cases. They are found principally around the smaller 
vessels in the portal areas, but extend out into the parenchyma to some degree. 
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Similar lesions about the veins and capillaries have been seen in the spleen, 
adrenals, pancreas, lung, pituitary, testis, tissues of the pharynx, regional and 
distant lymph nodes, salivary glands and aorta. 

Discussion 

(Dr. Virgil H. Moon, Philadelphia.) I have been much interested in the lesions 
in various organs resulting from scarlet fever infection, and am interested in 
Dr. Smith’s interpretation of them as due to toxic effects rather than as due to 
the direct infection of the tissues by the organisms. The lesions in the liver 
which he states are particularly specific caU to mind an instance in which in 
three children in the same farnily cirrhosis of the portal type developed following 
scarlet fever. In one of these cases there were such lesions as are shown here, 
but more marked, leading to t3T)ical portal cirrhosis with ascites. In this case 
streptococci were cultivated from the liver and were demonstrated in large num- 
bers in the sections of the liver. I offer this suggestion, that perhaps in certain 
cases the lesions described may not be due to toxins elaborated by the organ- 
isms, but may be due to the presence of organisms in the tissues. I should like 
to ask Dr. Smith whether he made examinations to determine if bacteria were 
present in or about the lesions. 

(Dr. Stuart Mudd, Philadelphia.) I should like to ask what the incidence of 
positive blood cultures was in this group. 

(Dr. Otto Saphir, Chicago.) There are two questions I should like to ask. 
The first is, are the lesions which Dr. Smith showed so beautifully the direct re- 
sult of whatever causes scarlet fever, or are they the result of the complications 
of scarlet fever? This might be answered by stating the time interval between 
the onset of the disease and death. The second question is, did Dr. Smith find 
any circumscribed proliferative lesions in the myocardium which resemble the 
so-caUed Aschoff bodies? 

(Dr. E. T. BeU, Minneapolis.) I should like to ask Dr. Smith why he attrib- 
utes this to endothelial injury. The lesions here are proliferative and exudative, 
especially in the walls of the arteries. They resemble the lesions which may be 
obtained experimentally by the injection of streptococci. I see no reason to con- 
sider this an endothelial reaction, such as we get in some of the virus diseases, 
like typhus and Rocky Mountain spotted fever. 

(Dr. Howard T. Karsner, Cleveland.) I think that studies such as Dr. Smith 
has made are of unquestionable value in enlightening us as to the pathology of 
scarlatina. It occurs to me that the principal lesions he has shown are in relation 
to the blood vessels, and the study of the vascular system in various types of 
acute infectious diseases, which has gone on for many years, has shown that in 
many of these diseases lesions of this general character occur. In reference to 
arteriosclerosis, one wonders what bearing this sort of inflammation may have 
on subsequent disease of the vascular system. These lesions which Dr. Smith 
has shown are of great interest, but when Dr. Smith states that he sees something 
specific in their morphological character I fail to follow him, and I should like to 
have him explain further what he means by that. I see Dr. MacMahon sitting 
here, and I hesitate to speak of the resemblance found in the kidney sections to 
the picture seen in malignant nephrosclerosis. 

(Dr. H. E. Robertson, Rochester, Minn.) I am interested in the after-effects 
of this disease, because the after-effects may be proof after all of the primary 
character of the disease process. The other day I examined a boy about 20 years 
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of age who had had scarlet fever 3 months before, and the outstanding lesion in 
his case w'as a thickening pf the walls of the blood vessels, almost to the point of 
occlusion, in a great many organs, particularly the kidneys. This boy had de- 
veloped hypertension, but had not developed glomerulonephritis. I am wonder- 
ing if Dr. Smith has had any experience in the later stages of scarlet fever. 

(Dr. Norbert Enzer, Milwaukee.) Several years ago we attempted to repeat 
and confirm Duval’s experimental production of glomerular nephritis, and in the 
course of these experiments lesions were produced in rabbits similar to those ex- 
hibited by Dr. Smith. This was particularly true of the kidney lesions. We were 
unable to stain bacteria in the tissues, but did find bacteria in the blood stream. 
In these animals we frequently found hyaline thrombi and even cellular thrombi 
in the afferent glomerular vessels. Also in these animals we occasionally en- 
countered medial necrosis of the medium sized arteries of the kidneys. These 
lesions were very similar to the early findings in periarteritis nodosa. I should 
like to know from Dr. Smith w'hether he found thromboses in the arterioles of the 
kidney, or evidence of medial necrosis in the vessels. 

(Dr. Smith, closing.) Obviously one cannot say much very conclusively in 
10 minutes about the details of the work which has been done on this. In reply 
to Dr. Moon, we have attempted in aU of these cases to take cultures of the indi- 
vidual viscera and of the blood stream. In a small percentage of these we have 
had positive blood cultures. These slides have aU been stained for bacteria b}'^ 
methylene blue or Gram’s stain, and in no instance where these lesions have oc- 
curred have we been able to demonstrate organisms. 

In reply to Dr. Mudd’s question, the blood cultures ran about 20 per cent 
positive in these cases, but the visceral cultures have almost always been nega- 
tive. 

In regard to the question of this representing a true scarlatina picture or the 
results of late secondary complications, I think I can answer that best by saying 
that I tried to emphasize that in these cases the individuals nearly all died within 
the first week or 10 days of the disease. As a matter of fact, a number of the 
slides that I showed came from patients on the 3rd to 4th day of the disease 
clinically, so that we are dealing with a very acute process w'hich we feel is funda- 
mentally the basis of the scarlet fever infection rather than a secondary late 
manifestation. 

There are occasional instances in the slides of the heart in wfiich we have 
found fairly circumscribed lesions in the interstitial tissue, but in no instance 
have we found anything that w^e were willing to classify as a definite Aschoff 
body. I have tried to avoid any particular reference to the cardiac pathologj' 
because we are expecting to present a comparable study of the rheumatic and 
scarlatinal hearts at a later date with Dr. Louis Gross. 

The endothelial injury we think is pretty clear-cut in these cases, as we have 
seen it in a good man}’^ hundred sections from the very onset of the disease. We 
found a definite degeneration of the endothelial cells lining the vessels. This is 
not necessarily either on the venous or arterial side. Both w'ere involved. Per- 
haps there is a little greater emphasis on the venous side than on the arterial. 
Then following such damage to these cells w’e found the usual proliferative 
cliange of their vascular endotlielium. 

I am perfectly willing that Dr. Karsner should take exception to my rather 
broad statement of specificity because I think that I ma}' have been stretching 
a point for the sake of emphasis. As far as we are concerned, in making e.xamina- 
tions in cases of scarlet fever, diphtheria, measles, pertussis and varicella, and 
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also in the group of some of the virus infections, particularly poliomyelitis, vi?e 
have found certain vascular changes which are perhaps in some respects com- 
parable, but we never have seen in any of these other diseases any such definite 
relationship, with such clear-cut progressive stages in the development of these 
lesions. The changes are so characteristic that we have been able to make a 
fairly accurate tentative diagnosis of scarlatina on the basis of histology alone. 

In regard to the after-effects, unfortunately aU our cases are acute. We have 
very little opportunity for follow-up work, and we have had no opportunity, 
therefore, to know what happens to these individuals later in life. It seems to 
me very probable that there might be some relation between these acute changes 
and changes that occur later in the blood vessels. 

It is quite true that some of these changes might easily be mistaken for acute 
periarteritis in the initial stage, and in perhaps a half dozen of our cases we have 
been able to demonstrate acute necrotizing lesions in the vessel walls. In such 
cases we have found positive blood and tissue cultures, so that we feel there may 
be some secondary relationship under these circumstances. Where the lesion has 
been what we might speak of as “ Simon pure,” we have not been able to demon- 
strate these acute necrotizing changes, nor to get positive visceral cultures. We 
have not seen the characteristic thrombi in the afferent capillaries in these cases, 
nor in our experimental animals. 

I do not know just how important these blood vessel lesions may be in respect 
to late effects, in the kidney particularly, nor the portal infiltration described, to 
the development of a subsequent cirrhosis of the liver, but it seems quite reason- 
able that such extensive changes as we have demonstrated may well be signifi- 
cant factors in the pathology of the heart, the liver and the kidney in later life. 


The Pathology of Chronic Ulcerative Colitis. H. E. Robertson, Roches- 
ter, Minn. 

Abslraci. Chronic ulcerative colitis owes many of its peculiarities to its long 
duration with alternating periods of quiescence and repair and periods of re- 
lapse. Deep ulceration, even to perforation, extensive inflammation and scar- 
ring of the submucosa, hemorrhage, h)q)ertrophy of the muscular coats, and ir- 
regular new growth of the epithelial layer constitute the usual pathological 
picture. Repair of the mucosa on a pathological submucosa often gives dis- 
orderly polypoid growths which tend to become carcinomatous. The frequency 
with which carcinoma complicates this disease, even in young adults, is an out- 
standing example of the effect of chronic inflammatory processes on the develop- 
ment of cancer. 


Discussion 

(Dr. Paul R. Cannon, Chicago.) I should like to ask Dr. Robertson what is 
his interpretation of these linear ulcerations, how frequently he observed them, 
and what he thinks of their pathogenesis. 

(Dr. E. T. BeU, Minneapolis.) What is the incidence of bacillary dysentery 
in Dr. Robertson’s experience, as compared with this non-specific colitis? 

(Dr. Max B. Lurie, Philadelphia.) What do the blood vessels going into the 
polypi show? Do they show' fibrosis? 

(Dr. Robertson, closing.) Replying to the last question first, the blood vessels 
going into these polypi show no particular changes. 
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There has been, so far as I am aware, no instance of the bacillary type of 
dysentery. In about half the cases the organism described by Bargen has been 
isolated in pure culture. 

The longitudinal ulcerations I think come about by the contraction of the 
colon in which a part of the mucosa is protected. 

A PjRELiMiNARy Report ON Intra Vitam Biopsy Studies op the Patho- 
genesis OP Pneumococcus Lobar Pneumonia. T. J. Curphey, Brooklyn , 
New York. 

Abstract. Biopsy sections of the lungs of patients suffering from lobar pneu- 
monia were obtained from a series of recovered cases at different stages of their 
disease as weU as from cases at postmortem in which autopsy was not permitted. 
The method used was the punch biopsy of Hoffman. The object of the study was 
to determine whether the histogenesis of this process differed in recovered cases 
from that usually seen in postmortem studies. From the material thus far avail- 
able, certain definite changes can be noted in the pericapiUary histiocytes in the 
early stages of the disease, which would suggest that these cells play a definite 
defensive role. Certain interesting changes are similarly noted in the alveolar 
capillaries. These preliminary observations tend to stress the need for further 
intra vitam studies, in more cy tological detail, of the mesothelial elements of the 
lung in lobar pneumonia. 


Discussion 

(Dr. Arthur W. Wright, Albany.) I have two questions I should like to ask 
Dr. Curphey. To me the introduction of a trocar into an infected focus in a lung 
seems a rather dangerous procedure. I should like to ask how often after the 
biopsy specimen has been taken from a pneumonic lung secondary infections 
such as acute pleuritis, which perhaps later developed into empyema, have oc- 
curred, and whether or not there is serious danger of such secondary infections. 
In the second place, after seeing the photomicrographs which were thrown on 
the screen, I should like to ask if the method as used so far has shown anything 
that has not yet been demonstrated in pneumonic lungs obtained at autopsy. 
Many of us would like to know more than we do about the pathogenesis of lobar 
pneumonia and this method may offer a means of studying the early changes 
that occur in this disease, but I fail to see that as yet anything new has been 
learned. In my opinion this technique is not only too dangerous for the patient, 
but at present seems to offer too little in the way of added knowledge of the 
pathology of the disease to justify its use. 

(Dr. Eugene L. Opie, New York City.) I have been interested in secondary 
infections that occur in association with pneumonia, particularly when it follows 
influenza, and I have been impressed by the readiness with which Streptococcus 
heniolyticus invades a preexisting lobar pneumonia. In the presence of secondary 
infection with Streptococcus heniolyticus, abscess formation and empyema 
might follow the introduction of a needle large enough to remove lung tissue. 

(Dr. Curphey, closing.) In answer to Dr. Wright’s question, I may say that 
we do not think the incidence of empyema is any greater in the group biopsied 
than in a series of non-biopsied cases, based of course on physical findings and 
X-ray evidence. The point we are trying to make about the use of this method 
is that we realize the risk, of course. I stressed that. We feel very definitely that 
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the pathology of recovery of lobar pneumonia cannot be studied on the autopsy 
table. That was the prime motive for instituting this method. 

I thinV Dr. Opie’s point is well taken. I unfortunately am not able to give him 
any definite answer; I cannot say how frequently streptococcus infections follow 
these cases. 

Pulmonary Changes Due to the Aspiration oe Lipids and Mineral Oil. 

Irving Graef, New York City. 

Abstract. Since Laughlen’s report (1925) and Pinkerton’s clinical and experi- 
mental observations (1927 and 1928) of pulmonary inflammation associated with 
the deposit of oils and fats, an increasing number of instances of this condition 
have appeared in the literature. 

We have studied 6 cases — 3' in infants (aged 6 months, 16 months, and 
18 months respectively) and 3 in adults (aged 54, 66, and 70), in which oily 
material was demonstrable in considerable quantity in the lungs. In 4 instances 
an unsaponifiable oil (liquid at room temperature) was identified in the pul- 
monary deposits, and in 2 there was a mixture of fats and fatty acids. 

Pulmonary suppuration was present in 4 instances. The presence of oily sub- 
stances was anticipated in the lung on macroscopic examination twice. The 
lesions in the cases associated with mineral oil are strikingly similar in that the 
substance was dispersed in fine droplets, usually intracellular in location, and 
occupied the interstitial tissue at the expense of the alveolar spaces. In many 
instances lobular architecture was obliterated with a few rudimentary sacs as 
the only indication of respiratory parenchyma. The oily material in these cases 
was also found in intra-alveolar macrophages; multinucleated foreign body giant 
cells containing fat droplets were found in i case. In the same case there were 
macroscopic lesions which were mistaken for tumor metastasis at close examina- 
tion (this patient had a recurrent adamantinoma of the mouth). The nodules 
were composed of dense fibrous tissue containing free globules of oil and a rich 
intercellular deposit which resembled adult adipose tissue. There was a marked 
accumulation of the offending substance around the blood vessels and bronchi. 
In the infants there was a diffuse increase in reticular and collagenous fibers 
around the distended oil-containing cells. 

In I instance in which the aspiration of large quantities of neutral fat and fatty 
acids was inferred, there was striking necrosis of the lung resembling caseous 
necrosis in tuberculosis. An acid-fast membrane similar to the familiar hyaline 
membrane of other pulmonary lesions was demonstrated around air bubbles in 
the aspirated material. Another case associated with the deposit of neutral fat 
and fatty acids was found on reviewing a case of bronchogenic carcinoma with 
a broncho-esophageal fistula and multiple bronchiectatic abscesses with marked 
fibrosis in the appended lobe. In the walls of the cavities and in the proliferative 
interstitial tissue there were abundant deposits of fatty substances identified as 
true fats and fatty acids. 

Lipid analyses were done on material from 4 of the 6 cases. The amount of 
total lipid, total unsaponifiable and saponifiable material, and the cholesterol 
content were determined in samples yielding large amounts of unsaponifiable 
material. Several control specimens showing pneumonia, chronic passive con- 
gestion or no lesions were also analyzed. Identification of the unsaponifiable 
substance supported the histochemical examination in 2 of the 4 cases associ- 
ated with mineral oil (there was not sufficient material in the third for analysis 
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and the fourth had been preserved in alcohol). In the case with massive aspira- 
tion of fat and free fatty acids, showing necrotizing pneumonitis with the pe- 
culiar formation of an acid-fast membrane, the saponification number and the 
iodine number were done and indicated that milk fat and the fatty acids of 
butter fat were probably present. A qualitative test for cod liver oil yielded 
positive results in this case as well. 

Histochemical examination is an even more satisfactory method of identifying 
the offending substance, because it can be localized as well. Failure to reduce 
osmic acid or to react with Nile blue sulphate, the absence of anisotropic globules 
and a yellow stain with scharlach R serve to identify mineral oil. The reduction 
of osmic acid, the appropriate reaction with Nile blue sulphate, and orange red 
or salmon red reactions with scharlach R indicate the presence of a neutral fat or 
fatty acid. Formation of an acid-fast membrane indicates the presence of 
“blown” fatty acids described by Pinkerton in rabbits given oils rich in free 
fatty acid. The absence of anisotropic droplets rules out the presence of choles- 
terol or cholesterin esters. Solubility in lipoid solvents may also be used. 

Chnical data confirmed the use of the offending substance in considerable 
quantities in 5 of the 6 cases. Particular attention should be paid to the cases 
of mineral oil deposit because of the wide use of this substance as a vehicle for 
medication introduced in the nasopharyngeal passages and as an intestinal 
lubricant. 

Mechanisms by which this substance gains entrance into the trachea and lung 
are not clear. Being non-irritating on the surface of the pharyngeal mucosa, it 
does not incite the cough reflex. The presence of mild anesthetic substances, 
like menthol in some preparations, may also enhance their passage into the 
trachea. Primary defective action of cilia in chronic infections of the respira- 
tory tract, or the loss of the cough reflex in weak a.nd debilitated individuals may 
also play a role. 

Discussion 

(Dr. Andrea Saccone, New York City.) This wonderful presentation by 
Dr. Graef has been corroborated by Roussy and Besang:on, in the last number of 
the French Archives of Pathological Anatomy; in this article the authors are 
describing the possible pathology of lipiodol injected into the lungs. They em- 
phasize very much that while vegetable oil does not produce any pathological 
lesions in the lung of the experimental animal, the mineral oils are responsible 
for extensive pathological conditions in the lungs. 

(Dr. D. Murray Angevine, New York City.) I have had an opportunity to 
autopsy 2 of these cases at the New York Hospital. The first case was diagnosed 
clinically and at autopsy presented a characteristic picture; never having seen a 
case of oil pneumonia before, it was easily recognized when suspected. On scrap- 
ing the lung tissue at the autopsy table oil droplets were readily found. The 
second case was not diagnosed clinically, but at the autopsy table, being aware 
from the appearance of the lung that some oily substance might be present, the 
unmistakable odor of cod liver oil was readily detected, showing that the sense 
of smell may be of value in making this diagnosis. Even after fixation in forma- 
lin one could detect the odor of fish oil. Several observers who had not seen the 
lung at autopsy examined it later and detected the odor of cod liver oil. Color 
tests for the presence of vitamin A were done. 

I do not think that Dr. Graef has brought out the fact clearly enough that in 
most of these cases the individuals are in a debilitated condition. In our cases. 
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one child had been in a plaster cast for lo months, and another child had a defi- 
nite hydrocephalus with degeneration of the basal gangha. 

I should like to ask one question. One of your cases showed a large amount of 
fat apparently only in the mononuclear cells. We did frozen sections stained 
selectively for fat on several cases of uncomplicated bronchopneumonia, and 
were surprised at the amount of fat found in the mononuclear phagocytes in 
these cases. Was Dr. Graef’s experience similar? 

(Dr. Paul R. Cannon, Chicago.) I have studied i case of aspiration of cod 
liver oil which was of interest from the standpoint of the pathogenesis in that the 
trouble seemed to start from the forcing of the oil. The parents held the nose of 
the child and forced the chUd in spite of much resistance to take the cod liver oil, 
and the s5miptoms dated from that period. The lesions were more advanced 
than those shown by Dr. Graef in that three large cavities appeared in the lungs. 
These were demonstrated by X-ray before death. 

In regard to the mechanism of the process in the lungs, I believe the mechan- 
ism may be much simpler than is usually supposed. I have taken normal rabbits 
and dropped a 50 per cent emulsion of cod liver oil into their nostrils, and have 
been able to demonstrate the oil in the alveolar spaces within 48 hours. Fischer- 
Wasels reported finding about too cc. of mineral oil in the lungs of an elderly 
woman dying with extensive pulmonary fibrosis. He found that this woman had 
been in the habit for 20 years of using mentholated mineral oil as a nasal spray 
and that she had bought it in large quantities from her druggist. It seems to me 
this subject is particularly important because of the extensive advertising over 
the radio and in the newspapers on the use of oil droplets for respiratory infec- 
tions, and undoubtedly this condition has been much more co mm on recently. 
We have had 6 cases which we believe were of oil aspiration, but did not study 
them particularly untU we encountered this rather dramatic one of cod liver oil 
aspiration. 

(Dr. Alan R. Moritz, Cleveland.) I should like to ask Dr. Graef if fat stains 
on the mediastinal lymph nodes give any indication that the oil was being 
mobilized. 

(Dr. E. T. Bell, Minneapolis.) Dr. Graef’s photomicrographs bring out a 
point which a great many of us have no doubt seen, the fact that the alveoli are 
lined bj'^ columnar epitheUum. I should like to ask if he has studied the origin of 
these cells. There is quite a body of opinion among histologists that the lung 
alveoli have no epithelial lining, yet in these cases of lipoid pneumonia nearly 
everyone finds this appearance: the alveoli lined by typical epithelial cells, usu- 
ally columnar. 

(Dr. Stuart Mudd, Philadelphia.) In the course of direct observations on in 
vitro phagocytosis Mrs. Mudd and I have seen rather striking differences be- 
tween the macrophages and the polymorphonuclear leukocytes in that the 
macrophages readily ingest mineral oil, and the poljmiorphonuclear cells do not. 
I take it that Dr. Graef found the mineral oil in macrophages. Did he observe 
it in the polymorphonuclear leukocytes, and if not, was the same difference be- 
tween the two types of phagocyte observable \vith other types of oil? 

(Dr. Alfred Plant, New York City.) I wonder whether the distribution of the 
oil might partly be merely a physical process. Oil diffuses on dry surfaces. 
When we put oil in a container, we will find that it climbs up and the next day 
oil will be found on the outside also. I do not know whether on a wet surface 
oil can be diffused, but it might be interesting to look for oil in the accessory 
nasal sinuses. 
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(Dr. Mudd.) Oil cannot spread over a wet surface. However, it may be the 
trachea under certain circumstances is not so wet; I do not know. 

(Dr. H. Edward MacMahon, Boston.) From Dr. Graef’s paper one might be 
led to believe that whenever a group of alveoli filled vdth lipoid-containing cells 
is found, this material must be of exogenous origin, reaching the lung by aspira- 
tion. I should like to point out that it is a fairly common observation, both in 
gross and microscopically, to find large and smaller areas of lung parenchyma 
adjacent to chronic, suppurative lesions in the lungs and especially in the neigh- 
borhood of a malignant tumor in which the alveoli and also, though to a less 
marked degree, the interstitial tissue are rich in large, swollen, desquamated 
epithelial cells and mononuclear cells filled with lipoid. Such findings are ex- 
tremely variable, at times occupying wide tracts of lung tissue, and resemble so 
closely the lesions described in this paper as to be indistinguishable from them. 
In so far as Dr. Graef and others who have discussed this paper have made no 
mention of the possibility of an endogenous source of lipoid material, namely, 
from retention, degeneration and a disintegration of cells within the lung, I 
should like to emphasize the importance of the endogenous source of lipoids in 
contrast to the exogenous material obtained by aspiration. I believe the former 
source to be equally important in the etiology of lipoid pneumonia, and in adults, 
at least, the more common. 

(Dr. Norbert Enzer, Milwaukee.) In only i case shown by Dr. Graef were 
multinucleated giant cells found. This, I believe, was in an adult with eso- 
phageal bronchial fistula and a chronic interstitial fibrosing pneumonia. It will 
be interesting to know whether Dr. Graef had observed giant cell formation in 
the children; also whether the fat surrounded by the giant cells was the same as 
that phagocytized by the macrophages. 

(Dr. Kernel L. Terplan, Buffalo.) From some of the pictures Dr. Graef 
showed, it seems as if atelectasis has been one important pathogenetic factor, 
following the occlusion of bronchioli by the aspirated oil. 

In the I case that I saw at the Buffalo Children’s Hospital, the gross picture 
of the lungs was very characteristic. There was a distinct yellow color to the 
pulmonary parenchyma shining through the pleura. Appearance and con- 
sistence resembled more that of a chronic atelectasis with induration than a real 
pneumonia. The color was a peculiar mixture between the dark blue of atelec- 
tasis, and chrome yellow; it was entirely different from the color of lipoid- 
granulation tissue, as seen in chronic pneumonia. 

(Dr. Graef, closing.) The first point, in reference to the relative safety of the 
use of lipiodol in visualization of the bronchial tree, is that there is abundant 
evidence in the literature indicating that iodized vegetable oils produce practi- 
cally no lasting pathological changes in the lung. 

With reference to Dr. Angevine’s remark about debility predisposing to this 
type of pneumonia, it has been the experience at Bellevue that aspiration pneu- 
monias in general occur in debilitated and weak children. Nevertheless, in our 
6 cases, 2 of the adults and i child were not debilitated or congenitally defective. 
Furthermore, in cases reported by other observers, Pinkerton particularly, it is 
worth knowing that some cases may show the clinical picture of an acute pul- 
monary infection, and only at autopsy may the presence of an oil or lipid ma- 
terial be noted. An example of this sort may be anticipated when massive aspi- 
ration of pharyngeal contents takes place at one time. 

The finding of very occasional macrophages containing fat droplets in sections 
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from ordinary pneumonia is not unusual — especially in infants who may aspi- 
rate from their milk diets as a terminal or incidental event. 

In reply to Dr. Moritz’s question, occasionally macrophages in the lymphatics 
and the septa could be found containing oily material, but the amoimt of de- 
posit in the mediastinal lymph nodes was extremely small and discovered with 
some difficulty. 

We have also noted that the oily material was never deposited Avithin poly- 
morphonuclear leukocytes. When intracellular it was always in macrophages. 

In reply to Dr. Bell’s question, we have not systematically studied the origin 
of the lining cells of the alveoli in these cases. 

As to Dr. Plant’s remarks in regard to the climbing phenomenon exhibited by 
oUy material, I might mention that during our chemical analyses some of the 
recovered oil was left in a beaker overnight, some of which was found on the 
outside of the beaker the next morning. 

The lipids found in cases in which true fats or fatty acids are demonstrated 
with careful histochemical methods may be endogenous (the use of scharlach R 
alone, of course, is not differential). Certainly in the i case of bronchiogenic 
carcinoma in which we found lipi^ in the walls of abscesses and supporting 
tissues, we realized that some of this material might have come from necrotic 
tumor. I make no claim as to its source, but wish to point out that this patient 
had a broncho-esophageal fistula, was on a fluid diet rich in fats, and the 
lipid-containing lesions were found only in the lobe appended to the fistulous 
bronchus. 

We examined incidentally the lungs in 6 other cases of bronchogenic carci- 
noma with the idea that when these patients had been bronchoscoped the oper- 
ators may have used mineral oU as a lubricant. These cases showed no lipids or 
on-containing lesions. 

If an alveolus is found stuffed with what appear to be fat-containing cells and 
the material dissolves scharlach R, but fails to reduce osmic acid, and is un- 
saponifiable on extraction, a paraffin oil of exogenous origin must be implicated. 

The question of the formation of the multinucleated giant cells interested us 
because we had expected from Pinkerton’s report that such cells might be found 
in the juvenile cases in which cod liver oil or mineral oil were implicated. They 
were not found in these, and I was left with the idea that the i adult case that 
did exhibit the foreign body giant cells had had the process for a far longer 
period than the infants. This was true in Pinkerton’s experimental mineral oil 
lesions. 

In reply to Dr. Terplan, primary atelectasis was not noted. What he termed 
bronchioles, I think, were non-muscular tubes which I believe represent cross- 
sections of alveoli with swollen lining epithelium. This formation is due to the 
increase in interstitial contents at the expense of the alveolar air space. 

Sttjdies in Experimental Oleothorax. D. H. Saley (by invitation), H. S. 

Willis and (by invitation) Lucia EUwart, Northville, Mich. 

Abstract. Several indications for the use of gomenolized oil have been given by 
clinicians who have used this product in the treatment of pulmonary and pleural 
tuberculosis. The results of the clinical use of oleothorax show considerable di- 
versity and there is need of further knowledge of its effect. 

This experiment was planned to ascertain the action of certain oils when in- 
jected intrapleurally in rabbits. Over loo animals have been used. Paraffin and 
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cotton-seed oil alone and with gomenol were used in varying dosage. Efforts 
were made to determine if oil migrated from the pleural space, and if so, by 
what mechanism. Tieman’s soluble blue was added to the oil as an emulsion and 
the retromanubrial lymph nodes, parietal pleura, lungs, diaphragm, liver and 
spleen were examined in gross and microscopically at varying intervals for evi- 
dence of the dye. Efforts were made to prevent the formation of adhesions by 
the oil by injecting amniotic fluid. 

Pneumothorax was established in normal rabbits and oil introduced into the 
space, in some instances in one dose; in others the oil was given in weekly doses 
for 5 or 6 weeks. 

The early response was the same to all oils introduced and consisted of a rather 
marked outpouring of. fibrin which was deposited on all pleural surfaces. Soft, 
fibrinous adhesions were seen as early as a week after injection, and later these 
became firm, dense and -widespread. In some specimens the heart and lung were 
glued to the sternum and thoracic wall by dense, massive adhesions. The dia- 
phragm on the injected side showed typical elevation and thickening. Occasion- 
ally the retromanubrial lymph nodes became enlarged. 

Cotton-seed oil tended to be rather quickly absorbed, while paraffin oil per- 
sisted in the pleural space indefinitely. Cotton-seed oil tended to form an emul- 
sion. -with the fibrinous exudate, and the adhesions which it caused tended to 
become less dense as the oil was absorbed. Neither the amount of oil injected 
nor the proportion of gomenol used modified the final pathological finding; one 
injection caused practicall}'- the same effect, in regard to adhesions, as repeated 
injections. 

Smears and cultures from material obtained intrapleurally were repeatedly 
sterile and one specimen with blue in the oil showed the retromanubrial nodes 
sacculated with oily pigment. 

It was thought for a while that “ Amfetin” facilitated absorption of adhesions, 
but further work made this highly problematical. 

Histologically the area of reaction consisted of fibrin which embraced globules 
of fat and a few polymorphonuclear leukocytes and lymphocytes, giving the im- 
pression of granulation tissue. Later the cells became increased in number and 
finally the areas of reaction assumed a definitely more fibrous appearance. In 
instances where cotton-seed oil had been absorbed the adhesions and exudate 
underwent more or less absorption. 


Discussion 

(Dr. Andrea Saccone, New York City.) The Doctor reported that before the 
injection of oil into the pleura some air had been injected, and in the slide pro- 
jected there was some injury to the alveolar wall. I should like to ask if any of 
the pathology of the alveoli could be produced by the pre-vdous insufflation of 
air in these cases. 

(Dr. Howard T. Karsner, Cleveland.) I wish to confirm Dr. WiUis’ observa- 
tion by observations I made in the course of studies of pulmonary infarction 
where active h5q3eremia of the lung was produced by the injection of mineral oil 
into the dog’s thorax. No air was injected at that time; oil was placed in the 
lung, and the tj^pe of acute inflammatory change corresponds very closely to 
that sho-wn by Dr. Willis. There was a good deal of phagocytosis of oil droplets, 
so that macrophages appear in the lymphatics under the pleura. 
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(Dr. Arthur J. Vorwald, Saranac Lake.) I also wish to confirm Dr. Willis’ 
experiments. Dr. Hayes of Saranac Lake submitted tissue from experimental 
animals in which he injected the pleural cavity with paraffin oil, gomenol and 
olive oil to me for examination. In all instances, on examining the animals 
within comparable periods, he saw no difference in the type of reaction of various 
oils, and in all cases there was a marked thickening of the pleura, with very little 
penetration of the lung tissue by the oil. 

(Dr. Willis, closing.) In reply to Dr. Saccone’s question about the effect of 
air alone, I should like to say that the lung was collapsed by air being put into 
the thoracic cage rather than into the lung itself, and that when the lung was 
put down by air and oil added to the space the air was then withdrawn so that 
nothing more than a very transient exposure to the air existed. We did not 
check carefully the effect of the air alone, because the animal’s response to 
pneumothorax is perfectly well known. 

Observations on the Volume-Diameter Ratio oe Erythrocytes in Some 
Diseases. Theodore R. Waugh, Montreal, Canada. 

Abstract. Observations are reported on changes in the shape of the human 
erythrocyte in various conditions, particularly the anemias. This alteration in 
shape is disclosed by comparison of the average corpuscle volume, average 
corpuscle diameter and an index of the thickness as determined by Ihe formula 
V/R’^ = 7rh. In posthemorrha^c anemias and hypochromic anemia with achlor- 
hydria the cells become smaller and thinner. In pernicious anemia there is a 
general tendency to a larger but flatter cell, though some cases show an abun- 
dance of small thick forms. In familiar hemolytic jaundice the erythrocytes are 
exceedingly small and thick (spherocytes). In a rare combination of hemolytic 
jaundice and pernicious anemia, this spherical character of the cells was pre- 
served during reversion to the early embryonic, megaloblastic type. 

Disctission 

V 

(Dr. Willard S. Hastings, Philadelphia.) I should like to ask Dr. Waugh 
whether he measured the cells in dry smears or wet mounts. 

(Dr. Waugh.) These smears were made dry and stained in the usual manner. 
As I stated, I appreciate that the figures which one obtains in dry smears are by 
no means the same as one obtains in wet preparations. At the same time, we 
feel that the figures are representative of the change as they would be if one used 
the wet preparation. I emphasized the importance of picking out carefully cer- 
tain places in the smears, because if one employs thick smears the results of 
course will be quite erroneous, but if thin smears are used and proper places 
picked out, one can measure 250 cells in one smear and 250 in another and get 
approximately the same figure for the average diameter reading. 

Studies on the Cellular Pattern oe Bone Marrow at Routine Autopsy. 

Robert J. Williams, Providence, R. I. 

Abstract. This study was undertaken in view of the lack of available details con- 
cerning the cellular pattern of bone marrow at routine autopsy, using the section 
technique. In addition it is purposed to emphasize certain facts concerning the 
distribution of the red marrow in the long bones. 

The material consists of marrow from the lumbar vertebra, sternum, the junc- 
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tion of the lower and middle third of the humerus, femur and tibia from 100 un- 
selected cases in adults. Obvious diseases of the bone marrow were excluded. 
Cases wdth leukocytosis and secondary anemia were not excluded. Selection of 
these bones is based on Seecof's work which will be referred to later. The mar- 
row from each bone was classified grossly as no h3Tperplasia, slightly hyper- 
plastic, moderately hyperplastic and hi'perplastic. This gross classification 
corresponded approximately to the marrow being fatty, being one-third red 
marrow, two-thirds red marrow, and being made up entirely of red marrow. 
The hyperplasia was confirmed microscopically. 

The microscopic technique used was essentially that suggested by Custer with 
Maximow’s hematoxylin - azure II eosin staining method. In the case of the 
vertebra and sternum, however, marrow pulp was placed on squares of paper 
and treated similarly to curettings, differential counts being made subsequentl,v 
in small areas here and there where the histology was prese]^ed. 

In 50 consecutive cases, excepting those that were discarded because of unsat- 
isfactory preparations, differential counts on 500 cells were done in the areas of 
maximum ceUularity of the marrow from each bone classified as slightly hyper- 
plastic or more. It is to be emphasized that as a result of this selection of areas 
of maximum ceUularity the differential counts apply only to at least fairly well 
advanced hemopoiesis. Maximow’s classification of the ceUs was selected, the 
purpose being to obtain a definite anatomical grouping of the ceUs rather than 
to adhere to any particular idea of histogenesis of the ceUs. 

In the 100 cases, the presence and absence of red marrow in the long bones 
occur in orderly combinations. When hyperplasia is present in the tibia, it is 
also present in the femur and humerus. This combination occurred in 2 cases. 
It may be present only in the femur and humerus. This distribution of 
red marrow occurred in 31 cases. Hyperplasia may be present in the humerus 
alone, which occurred in 25 cases in this series. In the remaining 42 cases no 
hyperplasia in the long bones occurred. 

Seecof in unpublished observations states: “Hyperplasia of the marrow in 
the long bones does not take place uniformly. It appears first in the humerus, 
then in the femur, last in the tibia . . .,” — and he states further, “Moreover, 
when recession sets in the hyperplasia disappears first from the tibia, then from 
the femur and last from the humerus.” The data presented are in agreement 
with Seecof’s concept. 

The correlation of the distribution of the red marrow in the long bones with 
age shows that with advancing years there is an increasing tendency for the 
marrow of the long bones to be fatty. For example, in the fourth decade, i case 
out of a total of 13 showed no h3q3erplasia in the long bones; in the sixth decade 

8 cases out of 20 showed no hj^jerplasia in the long bones; in the eighth decade 

9 cases out of 12 showed no hyperplasia in the long bones. Custer has recently 
emphasized the decreasing ceUularity of the marrow in different bones with 
advancing years. 

The differential counts on the marrow of the different bones in the same case 
were essentiaUy the same. The maximum variation occurred in the case of the 
neutrophilic myelocyte, 7 cases showing a variation of over 10 per cent, the 
maximum being 19 per cent. Therefore, for the series it is fair to represent each 
case b}'^ an average of the percentage values of each ceU type in the different 
bones of the same case. This was done and the data for each ceU type were 
arranged in a percentage frequency table from which the range of average was 
calculated. For this series of cases the range of average for each ceU tv'pe is de- 
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fined as the limits in percentage values within which 80 per cent or more of the 
cases occur. 

The range of average for the neutrophilic myelocytes is from 25 to 45 per 
cent; that of the segmented cells and metamyelocytes from less than i to 6 per 
cent each, and that of the promyelocytes i per cent and less. The arithmetical 
averages are 32 per cent, 3 per cent, 4 per cent, and 0.5 per cent respectively. 

The line of division between the myelocytes and the promyelocytes was arbi- 
trarily drawn between those cells with the cytoplasm more than half filled with 
the specific granules, and those cells with the cytoplasm less than half filled with 
the specific granules. Therefore, it is seen that there is a noticeable lack of 
transition forms, i.e. the promyelocytes, between the immature basophilic stem 
cell, the hemocy toblast and the more mature form, the myelocyte. 

The range of average for the polychromatophUic erythroblast and the normo- 
blast is from 5 to 25 per cent each; that of the proerythroblast i per cent and 
less; that of the total number of cells of the erythrocytic series 20 to 45 per cent. 
The corresponding arithmetical averages are 13 per cent, 17 per cent, 0.3 per 
cent, and 29 per cent. Here too, there is a noticeable lack of transition forms 
between the hemocytoblast and the more mature erythroblast. 

The range of average of the small l5anphocytes is from 5 to 20 per cent, that 
of the plasma cells from less than i to 7 per cent, and that of the medium size 
lymphocytes 2 per cent and less. The corresponding arithmetical averages are 
13 per cent, 4 per cent, and 0.7 per cent. 

The extreme limits of dispersion of the hemocytoblasts are from less than i 
per cent to 3 per cent; that of the eosinophilic granulocytes from i to 8 per cent; 
that of the megakaryocyte from less than i to 2 per cent; that of the reticulo- 
endothelial cells from 2 to 8 per cent. The corresponding arithmetical aver- 
ages are 0.8, 4, 0.5 and 4 per cent. 

There was one exception in the case of the eosinophilic granulocytes not in- 
cluded in the data and the classification of the reticulo-endothelial cells is at 
variance with Maximow ’s classification. The unclassified cells were 5 per cent 
and less. 

Maximow has described as characteristic of homoplastic hemopoiesis the 
hemopoietic pattern in which there is a lack of a significant number of transition 
forms between the hemocytoblast on one hand and the myelocyte and erythro- 
blast on the other, the latter two type cells furnishing the adult granulocytes 
and erythrocytes of the blood. On this basis hemopoiesis was of the homoplastic 
type throughout in this series. 

The average range of variation of the various type hemopoietic cells in ma- 
terial from routine autopsy has been shown. 

It is believed that these data are of value in the study of the pathology of the 
bone marrow. 

Discussion 

(Dr. David P. Seecof, Montreal.) I want to congratulate Dr. Williams for 
undertaking a study of the cytology of the marrow in the different long bones. 
At this time, since he mentioned the unpublished observations I have made, it 
might be advisable briefly to point out some of the important practical facts 
that have been accumulated since I began examining the marrow of more than 
one long bone at autopsy back in 1920. The need for such an examination be- 
came apparent while performing an autopsy on a patient who died during a 
megaloblastic crisis, in whom during life up to 40 per cent of the circulating red 
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cells were nucleated. When the tibia was opened, I found that the marrow was 
completely fatty or resting and the question arose — where did the circulating 
nucleated red cells come from? The marrow of the femur showed a slight hyper- 
plasia, but in the humerus the marrow was markedly hyperplastic. A search of 
the literature revealed that it had long been known that the marrow of long bones 
differed from that of flat and tail bones in mammals and in birds. It appeared 
from the biological and zoological literature that in the normal adult the usual 
demands for hematopoiesis were supplied by activity of the marrow of the flat 
bones and that the marrow of the long bones did not manufacture red cells unless 
there was a caU for increased hematopoiesis, as in anemic states. I called the at- 
tention of Dr. Francis Peabody to this fact and he agreed on the fallacy of taking 
tibial punctures in studying the condition of the bone marrow in pernicious ane- 
mia. Since 1920, examination made on the long bones and the flat bones in over 
1000 autopsies led to the following conclusions: If the marrow in the tibia, as 
also Dr. Williams’ data showed, is resting or aplastic it does not mean that there 
is no hyperplasia in the other long bones. On the other hand, if the tibial marrow 
is hyperplastic, there is no need for examining the other bones, since they will 
all show hyperplastic marrow. This is of practical importance in all intravital 
bone-marrow studies. The fact that the long bones are not normally forming 
red cells suggests that if an intra vUam biopsy is desired for the study of the 
bone marrow it should be taken from the sternum, because of the more accessible 
bones; the sternum is always in active hyperplasia, whereas the tibia may or 
may not be. Similarly, if the problem is to determine if increased activity or 
h5perplasia of the marrow is present in the body, then the tibia is the bone to be 
examined. These facts seem to hold for all ages, as Dr. Williams pointed out. 
I have yet to see a case of aplasia of the marrow of the flat bones. The condition 
called aplastic anemia, in my opinion, does not exist, because I have seen many 
cases of pernicious anemia before liver therapy was instituted, i.e. before 1924., 
in which the marrow in the long bones was entirely aplastic and that in the flat 
bones was hyperplastic. Aplastic anemia was probably often erroneously diag- 
nosed because only the long bones were examined. In old age one rarely finds 
active hyperplasia in the long bones. However, I have never seen aplastic mar- 
row in the flat bones at anj' age or in any clinical disease. This holds for agran- 
ulocytosis also. 

(Dr. William Boyd, Winnipeg.) There is a very striking plate in the book on 
pernicious anemia by Davidson and GuUand which shows a large number of 
bones in the body removed at one autopsy. It represents in color the remark- 
able patchiness of the hyperplasia, and certainly emphasizes the great fallibility 
of examining only one bone, or only one or two places in a bone. 

(Dr. Williams, closing.) I should like to add in closing that I did not mention, . 
because of lack of time, that the remainder of the cell types, which I did not 
show, were counted, but I did not have time to present the data. 

Histamine and Leukocytosis. Virgil H. Moon and (by invitation) Marshall 
M. Lieber, Philadelphia. 

Abstract, The intravenous injection of histamine phosphate into cats is followed 
by prompt leukocytosis, preceded occasionally by slight leukopenia. The sub- 
cutaneous injection of histamine phosphate into monkeys is likewise followed 
by leukocytosis. Histamine phosphate injected intravenously or subcutaneously 
in man produces a transient leukopenia followed by a moderate leukocytosis. 
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This is not so marked as in cats and monkeys. The increase consists chiefly of 
polymorphonuclear neutrophiles. Following single injections the leukocytic 
count in cats and in man returns to normal in 24 hours; in monkeys the increase 
frequently persists 48 hours. 


Discussion 

(Dr. E. M. Medlar, Mt. McGregor.) There is one thing I wish to point out 
in regard to the leukocytic reaction and that is this — you cannot pay any at- 
tention to less than a shift of 50 per cent in the total count, nor less than 10 per 
cent in the differential count. Conclusions should not be drawn unless there 
occurs a shift greater than that mentioned. I have taken individuals and punc- 
tured their fingers in bed, walking around and at rest, sitting in a chair, at 5 and 
10 minute intervals, over | to 2 hours, and in those individuals I have found a 
shift as high as 50 per cent in the total count, and as high as 10 per cent in the 
differential count. Such a degree of shifting is of no significance except that it 
shows the leukocytes to be unevenly distributed in the circulating blood. 

(Dr. Moon, closing.) The variations were much more marked in cats and in 
monkeys. The average increase in cats was over 100 per cent, and the increase 
seen in monkeys ranged between 200 and 1000 per cent. The evidence thus far 
in human subjects would not be significant, were it not accompanied by this 
marked evidence seen in the experimental animals. I beheve that the experi- 
ments indicate another analogy between histamine and Sir Thomas Lewis’s 
H-substance which he investigated in human subjects. I would make a final 
suggestion that the form in which the histamine is present in the human case is 
not known, that is, the particular chemical combination in which it exists, and 
there is a possibility that that combination is more active physiologically than 
histamine phosphate. 

Studies on the Chemotropic Properties or Polymorphonuclear Leu- 
kocytes AND Lymphocytes. Harold M. Dixon (by invitation) and 
Morton McCutcheon, Philadelphia, Pa. 

A bslracl. Chemotropism of human leukocytes was studied in vitro by the follow- 
ing method. A clump of bacteria is placed on a glass slide and dried; a drop of 
blood from the finger tip is lowered onto the bacteria and allowed to spread 
between slide and coverslip. This preparation is observed with the microscope 
at 37° C., and by means of a drawing ocular the path of each leukocyte is re- 
corded at minute intervals. The net approach of leukocyte to bacteria is meas- 
ured, and this distance is divided by the total path traversed in the same length 
of time. The quotient is taken as the measure of chemotropism and ranges in 
value from -f i.oo, when the leukocyte approaches the bacteria in a straight line, 
to — 1 .00 when it moves directly away. Pol3Tnorphonuclear leukocytes begin to 
move as soon as the preparation is warmed. All the cells in the same micro- 
scopic field as the bacteria display positive chemotropism, while in more distant 
fields the intensity of the reaction diminishes with the distance. When Staphy- 
lococcus albus was used as the source of attraction, no change in chemotropism 
was found over a 5 hour period; the width of the zone of attraction did not 
increase. With the highly pathogenic j'cast, Tonila histolytica, polymorphonu- 
clears were at first attracted, but later some cells moved away in a nearly straight 
line, displaying negative chemotropism. No difference in rate of locomotion was 
observed between leukocytes that displayed positive chemotropism and those 
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moving at random in remote fields, that is, we observed no relation between rate 
of locomotion and chemotropism. In contrast with pol3TnorphonucIears, lym- 
phocytes were neither attracted nor repelled by Staphylococcus albus or tubercle 
bacilli. They were not attracted to caseous material from tuberculous man or 
chimpanzee. Blood lymphocytes from a case of acute lymphatic leukemia and 
from a case of infectious mononucleosis were not attracted by Staphylococcus 
albus. We have obtained no evidence that tymphocytes display chemotropism. 

Discussion 

(Dr. H. Gideon WeUs, Chicago.) I should like to ask the relative speed of 
these different tj^ies of cells, lymphocjdes and polymorphonuclear leukocytes. 

(Dr. E. T. Bell, Minneapolis.) Is there any difference in behavior of the 
lymphocytes contaioing a small amount of cytoplasm as compared with those 
which contain a large amount of cytoplasm? 

(Dr. Milton J. Grand, New York.) Were the bacteria grown in agar or in 
broth? 

(Dr. Dixon, closing.) In answer to Dr. Wells ’ question about the speed of the 
cells, we found that the tymphocytes moved on an average of 13 microns per 
minute, while the polymorphonuclear leukocytes moved on an average of 30 to 
33 microns per minute. 

In reply to the question concerning the amount of cytoplasm of the lympho- 
cytes, we have been unable to see any difference in the behavior of cells with 
relatively large amounts of cytoplasm and those with relatively small amounts 
of cytoplasm. 

We have used both broth and agar and some of the tubercle bacilli were grown 
on protein-free medium. Also the organisms were washed in some instances, and 
still we found no difference in the chemotropic response. 

The Megakaryocyte in the Circuiating Blood wth Special Reference 
TO Hodgkin’s Disease. E. M. Medlar, Mt. McGregor, N. Y. 

Abstract. It is generally recognized that the megakaryocyte is found in the circu- 
lating blood in various pathological conditions. It has been reported as present 
in cases of acute lobar pneumonia, myelogenous leukemia, polycythemia vera 
and in rare instances in Hodgkin’s disease. A very rare case of megakaryocytic 
leukemia has been reported. In all of these reports the presence of fully differ- 
entiated megakaryocytes is what has been observed. The chief purpose of this 
presentation is to show the maturation phenomenon of the megakaryocyte from 
the marrow stem cell to the fully differentiated mammalian type of megakary- 
ocyte as found in the circulating blood. In this maturation process there is a 
stage in which it is difficult and at times impossible to distinguish individual 
megakaryocytes with certainty from monocytes. In fact, the author believes 
that many cells which have been called monocytes in blood smears are mega- 
karyocytes in the process of maturation. In other words, attention is drawn to 
the presence of immature megakaryocytes in the circulating blood. They prob- 
ably occur much more commonly and in more pathological conditions than is at 
present recognized. 

In regard to Hodgkin’s disease, the author believes that immature mega- 
karyocytes are a consistent finding in the circulating blood. In his study of blood 
smears from 20 cases of proved Hodgkin’s disease they were present in all but 
two instances. In 5 cases where the author had an opportunity to examine 
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blood smears weekly over periods of months these cells have been present con- 
sistently. The number varied from 5 to 40 present. 

Whether the presence of megakaryocytes may have a diagnostic significance 
in Hodgkin’s disease is at present under investigation. From present data it 
would seem that if there is to be any diagnostic significance in the finding of 
megakaryocytes, it wiU have to be from the percentage and persistence on re- 
peated examinations rather than on single observation. 

The main distinguishing features between the monocyte and the megakary- 
ocyte are: (a) the nucleus tends to be more complex and lobulated in the mega- 
karyocyte than in the monocyte; (b), the cytoplasm of the maturing megakary- 
ocyte is more granular and stains deeper with Wright’s blood stain than does 
that of the monocyte; and (c), the immature megakaryocytes tend to have less 
cytoplasm compared to nuclear volume than do mature monocytes. 

Discussion 

(Dr. Virgil H. Moon, Philadelphia.) I recall some 20 years ago Bxmting and 
Yates at Madison made blood counts in cases of Hodgkin’s disease and de- 
scribed large mononuclear cells to which they did not apply a definite name 
cytologicaUy, but it occurred in about 5 to 20 per cent in the blood examined in 
cases of Hodgkin’s disease. I should like to ask Dr. Medlar whether in his 
opinion the megakaryocytes which he has found are identical with the cells de- 
scribed by Bunting and Yates. 

(Dr. J. Furth, New York City.) It is to Dr. Medlar’s merit that he has fo- 
cused our attention on the megakaryocytes. This presentation brings up the 
question of the limitations of morphological studies for the interpretation of 
cytogenesis. The cytoplasmic fringes interpreted as evidence of ameboid move- 
ment are possibly artefacts. Dried blood smears do not seem to be suitable to 
determine the identity and potentialities of the large mononuclear cells with bas- 
ophilic cytoplasms. May I ask Dr. Medlar if he has studied these cells in the 
live state? 

(Dr. Medlar, closing.) In reply to Dr. Moon’s question, I sent blood smears 
from some of these cases out to Dr. Bunting and he said they were the same cells 
he had seen, but he thought they were monocytes and they had their origin in 
the bone. I agree that they come from the bone marrow and that they are mono- 
cytic in t3q)e, but I believe they are really megakaryocytes. 

In reply to Dr. Furth ’s questions, I myself have not made any study of these 
cells in life. I may say in the case I showed which was diagnosed as monocytic 
leukemia the doctor who had the case studied these cells very carefuUy in supra- 
vital preparations and he found these cells moving all over the field, so there is 
no question in that case but that the cells are distinctly ameboid. 

As to their being artefacts, all I can say is that I have been as careful as I could 
be in selecting cells for demonstration to rule out as far as possible artefacts in 
the smear. 


Bone Changes in Leukemia: Pathological Findings. I. H. Erb, Toronto, 
Canada. 

Abstract. The changes in bone in acute leukemia in childhood may be grouped 
under the follovidng headings: (i) infiltration; (2) rarefaction; (3) proliferation; 
(4) degeneration, and (5) hemorrhage. These changes are illustrated in two 
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cases of leukemia, one that of a girl who died at the age of 6 years, the other that 
of a boy who died at the age of 2| years. 

. Infiltration by leukemic cells may occur in bone as it does in the liver and kid- 
neys or elsewhere and may involve the marrow cavity, haversian canals or sub- 
periosteal regions. By replacing bone marrow it may give rise to profound 
anemia. It is not visible in roentgenograms. Rarefaction occurs chiefly toward 
the ends of the long bones, but may occur anywhere along the shaft and involve 
both cancellous and compact bone. Proliferation of new bone occurs under- 
neath the periosteum following stripping up of the periosteum by infiltrating 
leukemic cells. This new bone formation, as well as the areas of rarefaction, are 
demonstrable by roentgenograms. Degeneration of masses of leukemic cells, as 
well as hemorrhage into the marrow cavity, may occur in the course of the dis- 
ease, but are of little clinical significance. 

Bone Marrow in Agranulocytosis. R. P. Custer, Philadelphia, Pa. 

Abstract. Study of the bone marrow of 12 cases of idiopathic agranulocytosis 
showed a striking qualitative likeness. Clinically the cases presented either 
acute progressive or chronic continuous profound neutropenia, relative lympho- 
cytosis (actual lymphopenia), no anemia or thrombocytopenia of consequence, 
and no hemorrhagic phenomena. Necrotizing mucosal lesions were more or less 
prominent. The uniform findings were as follows: 

(a) Marked proliferation of myeloblasts which does not proceed at the expense 
of the other marrow elements and never results in the so-called “replacement 
anemia.” 

(b) Failure of these cells to mature, resulting in paucity of myeloc3’-tes and 
practically complete absence of segmented forms. 

(c) Normal or slightly increased red blood cell formation. 

(d) Slight hyperplasia of otherwise normal megakaryocytes. 

(e) Infiltration of lymphocytes and plasmocytes with formation of foliiculoid 
aggregations of these cells. 

Degeneration and relative hypoplasia of the marrow were noted in 2 cases, 
although qualitative changes were similar to those in the other 10. Comparison 
of differential marrow counts from idiopathic and secondary agranulocytosis 
(arsphenamin and septic neutropenia) showed marked dissimilarity in that 
maturation of granulocytes was complete in the secondary types. 

The following table attempts to link the various causes of neutropenia per se 
with changes in the marrow to afford the clinician better opportunity for classi- 
fication of cases as idiopathic or symptomatic agranulocytosis: 

I. With relatively “fidl ” marrow, as result of: 

(a) Severe toxemia (usually bacteria), through primary stimulation of 
granulopoietic tissue, then destruction of cells in situ or on entry into 
the circulating blood. 

(&) The leukoses (leukemias), ots.: 

(1) Aleukemic m3'elosis, through overproduction of granulocytes that 
either do not leave the marrow or are destroyed on entering blood. 

(2) L3mphadenosis, through replacement of granulopoietic tissue. 

(3) Reticulosis, through replacement of granulopoietic tissue. 

(c) Idiopathic agranulocytosis (agranulocytosis of Schultz, agranuloc3''tic 
angina, malignant neutropenia), through defective maturation of m>'elO' 
blasts (most cases show full marrow; see II (c) ). 
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II. With relatively “ empty ” marma, as result of : 

(а) Severe toxemia (usually chemical), sometimes specific for neutrophils 
(benzol). 

(б) Marrow exhaustion, through protracted anemia, toxemia or infection. 

(c) Aplastic anemia (idiopathic), congenital or acquired. 

(d) Irradiation (roentgen ray or radium). 

(e) Idiopathic agranulocytosis (the ocasional case). 

The presence of a lesion of maturation specifically confined to the granulo- 
poietic series, not reduplicated by diseases of known etiology, entitles idiopathic 
agranulocytosis to a place as a disease entity. Regarding the relation of amido- 
pyrin it can hardly be deemed more than an exciting factor, certainly not the 
only one; the disease may prove to be a proliferative allergic condition with sev- 
eral precipitating agents. 

Discussion 

(Dr. E. T. Bell, Minneapolis.) I should like to ask Dr. Custer if he can give us 
the proportion of myeloblasts in the marrow of untreated pernicious anemia; 
also if these difierential counts were made on smear preparations of marrow. 

(Dr. David Seecof , Montreal.) I should like to ask if the same long bone was 
studied in all the cases. As I pointed out previously (in discussing Dr. Williams’ 
paper), it would be unfair to make comparisons otherwise. Incidentally, the last 
table of Dr. Custer’s data again raises the important question in relation to 
studies on the circulating blood and marrow changes, namely, what correlation 
is there between the findings in the circulating blood and the findings in the mar- 
row of the bones? I found it is possible to have abnormal circulating blood find- 
ings in relation to myelocytes and erythroblasts and yet have the marrow of the 
flat bones yield negative fiaidings, or that the marrow in long bones be resting or 
aplastic. At a given moment there may be no parallelism between the findings 
in the blood and in the marrow. I have worked for many years trying to find out 
what the time relations were between the appearance of abnormal circulating 
blood conditions and the appearance of abnormalities in the cytology of the bone 
marrow. I think in view of the fact that there is no correlation between the find- 
ings in the circulating blood in regard to the red cells and the myelocytes, at a 
given moment (or immediately before death), and the marrow in the long bones 
in particular, that it would be better to study the flat bones such as the verte- 
brae, sternum, ribs, and possibly the skull bones (where we find activity of the 
marrow all the time). The changes seen in the long bones may be those which 
have just been initiated. It seems to me that for these special cy tological studies 
the marrow of the flat bones should be examined. 

(Dr. J. Furth, New York City.) A characteristic feature of agranulocytosis is 
that it is not associated with anemia and as the studies of Dr. Custer show, eryth- 
ropoiesis of the marrow is not disturbed. In the differentiation of acute leu- 
kemia from agranulocytosis, would it not be better to examine ‘^reserve” mar- 
row, c.g., the marrow of the femur or tibia? Common agranulocytosis is regarded 
by Dr. Custer as an “idiopathic” disease different from that produced by known 
chemicals. Since recent studies have shown that long continued administration 
of chemicals such as amidopyrin produces similar changes in the marrow, is it 
not conceivable that the primary process is essentially the same in both condi- 
tions, namely, injury to the marrow, which fails to put out leukocytes in response 
to inflammatory irritants? 
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(Dr. George Shanks, Toronto.) I should like to call attention to the fact that 
there are a great many points of resemblance between kala azar in which there is 
a visible parasitic blocking in the hematopoietic system everywhere, and granu- 
locytopenia with an active bone marrow. It seems to me that the study of kala 
azar, intensively, would shed a good deal of light not only on these problems but 
on the process of hematopoiesis. 

(Dr. Custer, closing.) In answer to Dr. Bell ’s question, I do not recall with 
sufficient accuracy the differential counts on my pernicious anemia cases to give 
percentages of myeloblasts; I can only state that they do appear in the marrow 
in relatively few numbers, compared to megaloblasts. The differential counts 
were all done on bone marrow sections rather than smears; I believe that smears 
or imprints do not give nearly as accurate an index of the relative proportion of 
cells of the different series as does sectioned material. Counts on sections are 
more difficult, however, in that cytology may not be so clearly demonstrable as 
in smears, but I think that they can be accurately done. 

The counts shown to-day were all made from the femur because I wanted to 
show the changes of early hjqDerplasia versus those of late, i.e., possible qualita- 
tive differences between fulminating cases and cases of long-standing agranulo- 
cytosis. Qualitatively the counts on marrow from flat bones in these cases were 
very similar to those in the femur; had there been any significant variation, I 
should have mentioned it. 

The point that Dr. Seecof made about early changes in previously fatty mar- 
row differing from those in previously cellular marrow is true in the majority of 
instances; in other words, we often find hyperplasia in the adult femur to be of a 
tjq)e suitable to the demands of the occasion, if I may be permitted this teleo- 
logical comment; adult femoral marrow will present predominantly myelocytic 
change in severe infection, erythroblastic in anemia. There is a reflected hyper- 
plasia, however, in the various cell series not immediately concerned. 

With regard to Dr. Furth’s comments, I do not believe that the disease should 
be classed among the chemical toxemias, even though amidopyrin may appear 
to be one of the exciting causes; there is one qualitative change in the marrow 
that separates it from the former group, i.e., a failure of maturation of the neu- 
trophils: let us stiU call it idiopathic agranulocytosis. This maturation defect is 
not observed in other diseases and I think that we should still regard the condi- 
tion, tentatively at least, as a disease entity. 


PoLYCYsiic Kidneys. E. T. Bell, Minneapolis, Minn. 

Abstract. Polycystic kidneys are found once in about every 500 postmortems, 
and from 5 to 10 per cent are unilateral. In our autopsy service about one-third 
of the cases occurred in infants, the majority of which were stillborn. There are 
relatively few clinical cases between infancy and the age of 25 years, but the dis- 
ease is always congenital. 

We may distinguish a surgical type in which the patient presents symptoms 
and signs referable to one kidney, viz. pain, tumor, hematuria, infection, and 
so on. 

In the medical type the s3mptoms are those of acute or chronic renal insuffi- 
ciency, and the functional disturbances correspond to those of contracted kid- 
neys. Attacks of hematuria are, however, distinctive. 

Edema is rarely prominent, and cardiac failure is unusual. The systolic blood 
pressure is 1 50 mm. Hg or higher in over 50 per cent of the cases that have been 
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reported and h3^ertension is somewhat more frequent in advanced than in early 
stages of the disease. Cardiac hypertrophy often develops but is much less pro- 
nounced than in primary hypertension. Retinal changes of the h3q)ertensive 
type may be found especially in those with very high blood pressure. Some 
patients live many years after symptoms have developed. When the renal re- 
serve is low, i.e. in advanced cases, pregnancy causes a typical nephritic toxemia, 
but there is no disturbance when the renal reserve is good. 

There is abundant evidence that polycystic renal disease has a strong heredi- 
tary tendency. 

The pyelogram is of great diagnostic value in cases where the diagnosis is 
otherwise difficult. 

In the newborn group the outstanding structural changes are: the presence of 
numerous cysts, hypoplasia of parench3mia, i.c. a great reduction in the number 
of nephrons, and an excessive amount of interstitial .connective tissue. 

The numerous “glomerular” cysts are interpreted as vestigeal structures de- 
rived from the first three or four generations of tubules. 

In the subdinical group there is abundant renal parenchyma between the 
cysts; while in the clinical group the parenchyma may be reduced to a few small 
scattered islands. 

The progressive atrophy of the parenchyma is brought about chiefly by con- 
tinuous expansion of the cysts. Arterial disease plays a minor role in this proc- 
ess except in the occasional case in which true primary h)q)ertension is super- 
imposed on the cystic disease. 

The arteries usually show a marked intimal thickening which is attributed 
chiefly to disuse atrophy but partly to hypertension. Medial fibrosis in the 
arteries is explainable on the basis of age. 

The arterioles show no marked intimal diseases except when primary hyper- 
tension is a complication. However, they often show a marked medial fibrosis. 
This process is not true arteriolosclerosis. 

Kampmeier ’s theory of the origin of the cysts is favored. 

One case is described (No. 44) in which compensatory dilatation of persistent 
tubules in a hypertensive contracted kidney caused it to resemble the true con- 
genital cystic kidney. 

Discussimi 

(Dr, George Baehr, New York City.) In the study to which Dr. Bell has very 
kindly referred, the arterial tree of polycystic kidneys was injected with a bari- 
um gelatine mixture and the kidneys then studied roentgenologically. We found 
that in advanced polycystic kidney disease most of the arterioles become oblit- 
erated and impermeable to the injecting fluid. As one would expect in any dif- 
fuse disease of the kidney, or any other organ, extensive arteriolar disease had 
occurred secondarily. Dr. Bell’s observations that the vascular alterations are 
largely a medial disease are extremely interesting. In i case we have even en- 
countered a necrotizing arteritis in the arterioles of the polycystic kidney which 
morphologically was identical with the type of disease described by Fahr and 
Volhardt as malignant sclerosis. The changes in the arterioles which occur sec- 
ondarily in polycystic kidney disease must be at least a contributing cause in the 
production of arterial hypertension, renal insufficiency and ischemic sclerosis of 
the remaining small areas of renal parenchyma. This arteriolar sclerosis may 
even be complicated by the process which has been described as malignant 
sclerosis. 
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(Dr. Bell, closing.) I am inclined to think that this appearance of malignant 
sclerosis which Dr. Baehr refers to is an associated disease. I have i case in 
which there is a little arteriolar sclerosis of the ordinary type, and it is appar- 
ently a case of primary hypertension combined with polycystic kidney. Arteri- 
olar sclerosis is so rare in polycystic kidneys that I think it is simpler to think of 
it as a combination of two diseases rather than as an arteriolar disease due to 
the polycystic kidney itself. 


Anomalies oe the Circle oe Willis and Serpentine Aneurysms oe the 

Internal Carotid Artery: their Relation to Encephalomalacia and 

Cerebral Hemorrhage. Otto Saphir, Chicago, HI. 

Abstract. A number of instances of encephalomalacia and cerebral hemorrhage 
were encountered in which a careful examination revealed the absence of oc- 
cluding lesions of the vessels at the base of the brain. A morphological explana- 
tion for the encephalomalacia was not recognized until the circle of Willis was 
carefully examined and anomalies found, in some instances with resulting inter- 
ruption of the circulation between the internal carotid and vertebral arteries. 
Anomalies of the circle of Willis have been frequently encountered since close 
attention has been paid to these vessels. In other instances occluding lesions 
were found in the internal carotid artery either in its petrous portion within the 
temporal bone or in its cavernous portion. These occluding lesions were the re- 
sult of severe arteriosclerosis with formation of serpentine aneurysms and with 
production of ridges which completely occluded the lumen. 

An interference with the passage of blood through the circle of Willis or oc- 
clusion of one internal carotid artery does not make itself manifest until the cir- 
culation through the other internal carotid artery, or both internal carotid and 
vertebral arteries, respectively, is impaired. The impaired circulation may be 
caused by an arteriosclerosis of the arteries of the brain or by a failing heart, 
evidence of which may be deduced from the findings of myocardial fibrosis and 
chronic passive hyperemia of the various organs. As a result of the impaired vis a 
tergo and arteriosclerosis of the vessels of the base of the brain, complicated by 
complete separation of the two arterial channels of the brain or occlusion of one 
of the internal carotid arteries, encephalomalacia may ensue. Before one resorts 
to an explanation primarily based on functional disturbances, three factors must 
be investigated: 

1. The entire course of the internal carotid and vertebral arteries must be ex- 
amined for occluding lesions. 

2. The patency of the circle of Willis should be ascertained. 

3. Morphological evidence of a failing heart must be sought. 

Discussion 

(Dr. Shields Warren, Boston.) I should like to ask Dr. Saphir if he considers 
these aneurysms to be of acquired or congenital origin. I judge from the tend- 
encj'^ of association with other anomalies in the circle of Willis that the congen- 
ital origin is a verj’- definite possibility. I have bad i case of marked bilateral 
aneurysm of the anterior carotid also ndth absence of the posterior communicat- 
ing branches in which a long course of neurological symptoms of a rather puzzling 
sort increasing in intensity suggested that the arterial change had been present 
from birth. 
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(Dr. E. Libman, New York City.) I want to make a clinical point in connec- 
tion with this important communication of Dr. Saphir’s, and that is that clini- 
cians are not sufficiently in the habit of examining the abdominal aorta and the 
carotid arteries for evidence of arterial disease. It was pointed out, a long time 
ago, that it is possible cUnically to detect a carotid occlusion. 

Just the other day Dr. Saphir visited me and we had a case in the office of a 
patient who presented a carotid obstruction due to a rather large plaque in the 
wall. The artery showed only slight pulsation above and exaggerated pulsation 
below the obstruction. On the right side there was a smaller plaque, without any 
evidence of obstruction. In occasional patients such plaques are very tender, 
and while I do not want to draw any definite conclusion, I wish to add that sev- 
eral times cerebral accidents occurred within 6 months to a year after the obser- 
vation was made. 

(Dr. Norbert Enzer, Milwaukee.) Aneurysms of the type described by Dr. 
Saphir should not be confused with those of distinctly congenital origin. Seven 
cases of congenital aneurysm have come to our attention. These always occur 
in the circle of Wdlis and its branches, always in multiples, and always at the 
bifurcation of vessels. These aneurysms are subject to thrombosis or rupture. 
In either event, the clinical syndrome in the congenital aneurysms is more apt 
to be referred to the meninges; whereas the aneurysms of the type Dr. Saphir 
described are associated with deep-seated cerebral s5Tnptoms. 

(Dr. Saphir, closing.) In our cases I do not believe that the aneurysm can be 
explained on a congenital basis, but rather because of the tortuosity of the vessels 
which I think is the result of a severe arteriosclerosis. 

As far as Dr. Libman ’s comment is concerned, I firmly believe that these cases 
are overlooked not only clinically but also pathologically. 

Air Embousm Following Intravenous Drip. Kornel L. Terplan and (by in- 
vitation) Carl T. Javert, Bufialo, New York. 

Abstract. In a colored male, 36 years of age, resection of a jejunal ulcer was per- 
formed. Postoperative course was uneventful for 12 days; then nausea and 
emesis developed. Duodenal decompression and continuous intravenous drip 
of normal saline and 5 per cent glucose were therefore employed. The drip func- 
tioned well for 48 hours but an occasional interruption resulted when the patient 
removed the needle from the vein. A cannida was then ligated in the cubital 
vein and in some manner the adapter to the cannula was dislodged. It was 
estimated that 15 minutes elapsed before it was replaced. During this period no 
blood ran from the cannula; the intravenous fluid wetted the bedding. On re- 
placing the adapter, the drip continued and 400 cc. of saline were given. Nine 
hours following the dislodgement of the cannula, the patient became increasingly 
restless, confused, irrational, dyspneic and pulseless and convulsions developed. 
He made several attempts to get out of bed. Death occurred 20 hours after the 
adapter was dislodged. 

Autopsy was performed 5 hours after death. The right ventricle and pulmo- 
nary artery contained fluid blood on which floated pinkish red clots, foamy, 
sponge-like in appearance, with distinct gaseous bubbles on their surfaces. These 
dots floated in water. The right atrium contained cruor clots without air. The 
foramen ovale was closed. The left ventride was practically empty. The other 
findings comprised a huge peptic ulcer in the duodenum with no gross bleeding 
point; tarry stool in the intestine; no peritonitis; no thrombo-emboli in the lungs. 



SCIENTIFIC PROCEEDINGS 


88l 


The brain was anemic and edematous, weighing 1450 gm. Smears and cultures 
of the air-containing blood clots w^ere negative for bacteria. There was no post- 
mortem autolysis, and gas bacillus effects could positively be ruled out. Bac- 
teria stains were entirely negative. Smaller branches of the pulmonary artery 
also showed air bubbles within their bloody content. In the frontal lobe and the 
island of Reil distinct focal necrosis with complete disappearance of ganglion 
cells in the third layer was found. These changes resembled the ischemic le- 
sions as described in circulatory disturbances of varied etiology (anoxemia, in- 
sulin shock, fat and air embolism). 

The unusual spongy appearance of the clots in the right ventricle could be ex- 
plained only by the presence of air in the ventricle, which was included in the 
clots when coagulation took place. The clots in the right atrium did not con- 
tain air. Apparently this excluded any postmortal entry of air into the blood in 
the right ventricle. The right ventricle was dilated and flabby; the left ventricle 
contained neither blood nor clots. Careful gross and histological examination 
did not reveal any other cause of death. 

Attempts to reproduce foamy clots artificially at autopsy by injection of dif- 
ferent quantities of air into the jugular vein in cases where fluid blood was sus- 
pected were unsuccessful. The air was found in the large veins but no clotting 
had occurred, although 1 5 to 30 minutes were permitted to elapse before the heart 
was removed. 

It is believed that air entered the venous circulation when the adapter was 
dislodged from the cannula. The aspiratory effect of the negative intrathoracic 
pressure, together with a lowered venous pressure which accompanied the liga- 
tion of the vein, were considered as instrumental factors in the entrance of air. 
It must be remembered that no blood escaped from the cannula when the 
adapter was out of place. 


A Group or Cases Characterized by Systemic Vascular Alterations and 
Associated Frequently with Lupus Erythematodes and Endocardi- 
tis. George Baehr, Paul Klemperer and (by invitation) Arthur Schifrin, 
New York City. 


Abstract.^ Attention is called to a group of cases which are characterized clini- 
cally by irregular fever with a tendency to remissions, by involvement of synovial 
and serous membranes (arthritis), pericarditis, pleuritis, by depression of bone 
marrow function (leukopenia, thrombopenia, anemia), and by clinical evidences 
th alterations in the skin, the kidneys and the other viscera. Twenty- 

ree of the cases presented the skin and mucous membrane lesions of dissemi- 
nated lupus erythematosus. With rare exceptions, the patients were young fe- 

nia es, most commonly in the second and third decade of life. Blood cultures 
were negative. 

changes in the internal organs at autopsy were chiefly located 
wi m the heart and kidneys. A terminal lobular pneumonia was often present. 

erous membranes were involved in 17 of the 23 cases of lupus erythematosus, 
pericarditis being present in 12 cases. In 13 of the' 23 cases a coarse verrucous 
orm of endocarditis was found upon the mitral or tricuspid valves. In 5 of these 
e parietal endocardium also showed lesions which conformed to the original 
cCscripmon of Libman-Sacks (atypical verrucous endocarditis) . In the 8 other 
were smaller verrucae on the valves. Nine cases had no endocarditis 
a ever. Aschoff bodies were not found in 22 hearts which were carefully 
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studied. The kidneys showed multiple shallow depressions in 2 cases. Anemic 
infarcts were occasionally found in spleen and kidneys, and several cases showed 
emboli within pulmonary arteries. 

Microscopic examination revealed conspicuous vascular lesions in the finer 
ramifications of the systemic and sometimes also the pulmonary circulation. 
They were found in the kidneys in 20 out of 23 cases. In the other organs the 
incidence of vessel changes was not as high. In 6 cases the vascular lesions were 
widespread in all the viscera. The skin showed similar vascular alterations. 

Histologically, the vessel lesions represent a variety of changes: (i) Simple 
dilation of capillary beds in certain areas, as in the skin, with blood and serous 
extravasations. (2) Proliferative lesions of the lining endothelium of capillaries, 
arterioles and venules, associated with thrombi which often obstruct or occlude 
the lumen. (3) Degenerative and necrotizing lesions in the wall of such vessels, 
associated with thrombosis and sometimes with hemorrhage into the adjacent 
tissues. The severer lesions are especially conspicuous in the capillaries and 
arterioles of the kidney. 

Because all three types were often found in the same case, they may be con- 
sidered as stages of the same underlying morbid process. 

The glomerular changes were especially conspicuous in 18 of the cases. The 
commonest and most characteristic alteration was a peculiar hyaline thickening 
of the capillary walls which is striking even in sections stained with hematoxy- 
lin-eosin. We have described this as the “wire loop lesion.” It was present in 
13 cases. Proliferative and thrombotic lesions of glomerular loops were frequent. 
In 2 cases the glomerular changes were sufiQciently extensive to be called a true 
diffuse glomerulonephritis. In 3 cases the proliferative and necrotic process 
involved only a segment of a glomerulus, thereby creating a superficial resem- 
blance to the embolic glomerular lesions of subacute bacterial endocarditis. 

Isolated vascular lesions of similar appearance may at times be encountered 
in a careful histological study of persons who have died of any acute or chronic 
infectious process (Sigmund). Our group of cases is distinguished by the sys- 
temic distribution of the vascular lesions in various viscera. 


Discussion 

(Dr. E. T. Bell, Minneapolis.) I feel fairly certain, Dr. Baehr, that these 
“ wire loop ” lesions that you pointed out in the first few slides are thickenings of 
the capillary basement membrane. That thickening occurs almost constantly 
in eclampsia, in chronic forms of lipoid nephrosis, and in hypertension, and oc- 
casionally in various other toxic diseases, even in pernicious anemia. We have 
to look at the basement membrane of the capillaries as much as at the endothe- 
lial cells in understanding these glomerular changes. I think none of these so- 
called embolic lesions are embolic in the sense that they are infarctions. I think 
they are due to bacteria which grow and produce a thrombosis of the capillaries. 
It was originally the idea of Ldhlein himself that these were thromboses. He 
later changed to the idea of infarction. 

(Dr. E. Libman, New York City.) This contribution, to my mind, is a very 
significant one and has implications of a wide nature, into which I cannot enter 
today because of lack of time. However, I would like to say a few things, mainly 
in order to clarify what I meant by characterizing certain examples of endocar- 
ditis as “indeterminate.” This designation was intended to apply to all the cases 
in which the etiology was not known, and in which there were no distinctive 
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clinical or pathological criteria. Furthermore, it was intended to convey the idea 
that further studies might demonstrate that at least some of them represented 
an unusual reaction to an already known etiological agent. From this compar- 
atively large collection of cases, Dr. Sacks and I segregated a small number 
because they had something chnical and pathological in common. These we 
called at3T)ical verrucous endocarditis. We realized that some of the other cases 
in the indeterminate classification might be found to belong to this group. 

As regards the question of lupus erythematosus, we published 4 cases of atypi- 
cal verrucous endocarditis, of which 2 had facial lesions. Dr. Gross put on 
record a fifth case of ours, in which there was a secondary infection by non-hemo- 
lytic streptococci (subacute streptococcus endocarditis). This case also had an 
extensive facial eruption. The then dermatologist to Mount Sinai Hospital, Dr. 
Hermann Goldenberg, stated that while these eruptions resembled acute lupus 
erythematosus disseminatus, they differed because atrophy, hyperkeratosis and 
desquamation were absent. It is, of course, possible that others might have in- 
cluded these eruptions in the category of lupus erythematosus. The etiology of 
this disease is unknovm, so that we may well be dealing with an indeterminate 
disease, from the dermatological standpoint. 

In our original publication some vascular lesions were described. Those dem- 
onstrated by Dr. Baehr are of a different order. They are entirely new for the 
description of the pathology of lupus erythematosus, and we consider them an 
addition to our knowledge of atypical verrucous endocarditis, and of some other 
cases in the indeterminate group. It remains for further study to determine 
whether or not the cases (or some of them) of endocarditis described here today, 
which do not correspond to what Sacks and I called atypical verrucous endocar- 
ditis, really belong in the same category. I understand that aU these hearts will 
be examined by Dr. Gross, who in a remarkable paper published in 1932 de- 
scribed the pathological changes in the heart in atypical verrucous endocarditis 
and concluded that certain of them are pathognomonic of the condition. 

It has been pointed out that there are cases that have vascular lesions and no 
endocarditis, with or without lupus erythematosus. Some years ago I made the 
suggestion, and Dr. Baehr has made the same suggestion, that there may exist 
cases due to the same cause or causes as atypical verrucous endocarditis, which 
have no endocardial lesions. It is possible that in such conditions the vascular 
lesions will be the characteristic feature. 

The whole subject is of wide importance, not only as regards endocarditis and 
vascular disease, but also as bearing upon the relationship of dermatology to 
internal medicine. 

(Dr. Benjamin Clawson, Minneapolis.) I should like to ask Dr. Baehr what 
the blood cultures showed in these cases. I cannot quite understand why this 
group of cases should be classed as non-bacterial and non-rheumatic. I should 
also like to ask Dr. Baehr just why the hearts are not classified as acute rheu- 
matic endocarditis. It is true that Aschoff bodies were not found in the myo- , 
cardium, but nobody who has reported a large series of cases of acute rheumatic 
endocarditis has found Aschoff nodules in all instances, so I cannot see how you 
would rule rheumatic endocarditis out. The vegetations in the pictures looked 
to me like the vegetations in acute rheumatic endocarditis. It is true that they 
extended down on the chordae tendineae which is sometimes found in cases of 
acute rheumatic endocarditis. Will you explain to us. Dr. Baehr, just why you 
decided that these hearts are not acute rheumatic endocarditis or subacute bac- 
terial endocarditis? 
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(Dr. Paul Klemperer, New York City.) May I answer two questions — the 
question of Dr. Bell and that of Dr. Clawson? The remarkable thickening of the 
wails of glomerular loops which we have observed was not seen by us in any of 
the control material we studied, including lipoid nephrosis. There is no reaction 
for amyloid and no lipoid within the loops. The peculiar hyalinization of the 
loops resembles, superficially, the thickening one observes commonly in glom- 
eruli of some cases of arteriosclerosis with particular glomerular involvement. 
But in our cases there was no fat in these tufts. Furthermore, these were young 
people without arteriosclerosis. One must remember that these lesions were 
found in young individuals from r 2 to 30 years of age, and not in old individuals. 
In regard to the question of eclampsia, I must confess my experience \vith 
eclampsia is limited. Similar lesions probably occur in eclampsia, which is also 
a toxic disease. We believe these vascular alterations are of toxic origin. 

In reply to Dr. Clawson's question, we have examined the hearts very care- 
fully. I think the paper of Dr. Libman and Dr. Sacks proved the fact that the 
endocardial lesions which they described are not rheumatic. Such extensive 
lesions on the parietal endocardium do not occur in rheumatic endocarditis. 

In regard to the small verrucous lesions which w'e observed in 8 of our cases, 
the question of a possible rheumatic origin was seriously considered. In the 
second heart which Dr. Baehr showed there is a chronic valvular defect on top 
of which fresh coarse verrucae are found. 

Dr. Gross has carried out extensive histological studies on these hearts. I do 
not know whether one can rely on the histological examination of the valves 
alone for the diagnosis of rheumatic endocarditis. One has to take the myocar- 
dium into consideration. It must be significant that in the 22 cases in which the 
heart muscle was studied with great care, no Aschoff bodies or other evidence of 
rheumatic fever was ever found. For this reason we feel that the endocarditis is 
not rheumatic. Furthermore, identical vascular and glomerular disease was 
found in 9 cases in which the endocardium was normal. 

In regard to the question of bacteria, in 20 of the cases repeated blood cultures 
were negative. No bacteria were demonstrable in crushing of the vegetations or 
in sections. 

I agree with Dr, Bell that the loop necroses are not of embolic nature. They 
are probably caused by local thrombosis. In i case we can be certain that they 
are not embolic because there was no endocarditis on the left side of the heart. 
In another case there was no endocarditis whatever. For this reason we feel the 
loop necroses which resemble embolic glomerular lesions are local thrombotic 
lesions. 

(Dr. Baehr, closing.) Twenty-three years ago we studied the Lohlein lesions 
of subacute bacterial endocarditis in fresh and properly fixed material. In the 
earliest glomerular lesions we demonstrated masses of bacterial emboli micro- 
scopically. The clumps of bacteria had been caught in a glomerular loop, throm- 
bosis had then taken place, occluding the lumen of the loop and ultimately ne- 
crosis occurred. The embolic origin of the glomerular lesions of subacute bac- 
terial endocarditis was confirmed by Fahr and accepted by Lohlein. The true 
embolic glomerular lesions of subacute bacterial endocarditis differ in one essen- 
tial respect from the glomerular loop necroses which we observed in 3 or 4 of our 
cases of lupus erythematosus. In embolic glomerular lesions, the remaining 
non-embolized portion of the glomerulus is absolutely normal. In the condition 
which we are now reporting, the lesion is quite different. Although the necrosis 
of a glomerular loop may look superficially like the embolic lesion, the rest of 



SCIENTIFIC PROCEEDINGS 885 

the glomerulus is always altered to a considerable extent. Also no bacteria can 
be demonstrated in the lesions. 

The questions concerning the non-rheumatic nature of the endocarditis have 
been answered by Dr. Ellemperer as well as can be done in these few minutes. 
The verrucae are free of bacteria and thirty-six blood cultures in 20 cases proved 
to be negative. Furthermore, the intensity and the widespread distribution of 
the vascular lesions in various viscera stamp this condition as something quite 
distinctive. These vascular lesions undoubtedly bear an important relation to 
the disease which the dermatologists have known for a good many years as lupus 
erythematosus disseminatus. 

Arteriolar Changes in Essential Hypertension. Alan R. Moritz and (by 

invitation) Mary Ruth Oldt, Cleveland. 

Abstract. This investigation consisted of a histological study of the walls and 
measurements of the internal and external diameters of over 10,000 arterioles 
and small arteries, supplemented by a study of serial sections of selected vessels 
from the skeletal muscle and gastro-intestinal tract of 38 control and 38 hyper- 
tensive individuals. 

Thickening of the walls and expansion of the external diameters were charac- 
teristic of the hypertensives as a group, but these dimensional changes were not 
great enough in samples of 75 vessels to permit distinction between control and 
hypertensive individuals in 80 per cent of the cases. Over 80 per cent of the 
hypertensive and control cases could be recognized as such by the presence or 
absence of arteriolar sclerosis in an objective microscopic examination of one 
section of skeletal muscle without measurements. 

The vascular disease in individuals with persistent hypertension appeared to 
begin in the smallest arteries and not only affected different arteries in the same 
tissue with varying severity, but affected varying segments of the same arteriole 
differently. Smooth muscle hyperplasia and medial degeneration characterized 
the process which progressed with increasing intensity from the larger to the 
smaller arteries. The primary change in the arteries appeared to be smooth 
muscle hyperplasia with superimposed segmental medial degeneration. The 
occasional finding of a dilated, thin-walled, degenerate artery indicated that 
hyperplasia was not invariably antecedent. 

Discussion 

(Dr. H. Gideon Wells, Chicago.) I should like to ask what the significance is 
of these measurements of the lumen of arteries after death. The fact that the 
lumen is practically the same in sclerotic and normal arteries would seem to me 
to indicate that the arteries contract as much as they can, no matter in what 
condition the walls are, and the difference is close to zero. We know from injec- 
tions of arteries imder normal mean systolic pressure that an artery may present 
a smooth lumen for a long distance, in spite of the fact that in that area are very 
extensive sclerotic plaques. The lumen is the same, where the sclerotic plaques 
are, and where they are not. I do not see the significance of these internal diam- 
eter measurements after death. 

(Dr. E. T. BeU, Minneapolis.) This is an interesting line of study which Dr. 
Moritz has taken up. The difficulties, as he no doubt realizes, are very great, 
since we do not know accurately the changes that occur after death. The younger 
the person, the greater the contraction after the vessel is taken out of the 
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body. In a young person the contraction of a large artery is sometimes as much 
as 30 per cent after it is removed from the body. How much they contract in a 
piece of muscle we do not know, but they probably contract more in younger 
people than in older ones who have stiff arteries. Another thing which causes a 
variation is that there is a difference in the number of hours after death at which 
the tissues are fixed. I have found that in a few hours after death the lumen is 
much smaller than after 48 hours. There is a rigor in the muscle that passes off 
after 48 hours. These changes introduce factors which are difficult to control. 

(Dr. Moritz, closing.) In reply to Dr. Wells I wish to say that we did not 
assume that measurements of lumen diameters gave absolute information as to 
the patency of vessels in life. It was necessary, however, to measure lumen diam- 
eters to determine the relative wall thickness of vessels. The fact that the walls 
of the smallest arteries were thickened in the hypertensives was regarded as sig- 
nificant. Although this thickening was a group characteristic for the hyperten- 
sives it was not useful in distinguishing between h}T5ertensive and non-hyper- 
tensive individuals. 

In reply to Dr. BeU it can be said that there was no significant variation in the 
relative thickness of arteriolar walls of the control group that could be related to 
age. The work just reported was preceded by experiments designed to show 
whether physiological states of vessels, rigor or varying technical methods in the 
preparation of tissues would affect the relative thickness in arteriolar walls. No 
significant effect could be related to any of these factors so far as comparing the 
mean wall to lumen ratio of vessels in one sample with another was concerned. 

The Pathology oe Adenoma oe the Bronchus. Coleman B. Rabin and 
Sylvan Moolten (by invitation). New York City. 

Abstract. Since the report of 12 cases of polypoid adenoma of the bronchus by 
Wessler and Rabin in 1932, 9 additional cases have been observed at the Mount 
Sinai Hospital. These are now presented together with a pathological study of 
the original 12 cases for the following reasons; 

1. The tumors are still considered to be extremely rare because only sporadic 
cases have been reported. 

2. They present difficulty in histological diagnosis which has resulted in their 
being reported erroneously as malignant tumors. In other cases their benignity 
has been recognized on clinical grounds, but the pathologist has been unable to 
differentiate them from malignant tumors. 

3. Definite pathological criteria are presented by which these adenomas may 
be differentiated from carcinoma. 


Disctission 

(Dr. William Boyd, Winnipeg.) The remarkably long clinical duration is 
characteristic of these cases. In a recent case of mine the patient had severe 
periodic attacks of hemoptysis for 24 years. The microscopic picture was much 
more benign in type than most of those we have seen on the screen to-day. 

Studies on the Mitosis Rate in Tumors oe Several Mammalian Species. 
Albert E. Casey, University, Va. 

Abstract. A dependable method having a low coefficient of error was employed 
to determine the average number of mitoses per 1000 tumor cells in some 300 
tumors of man, mouse, rat, rabbit and dog. The tumors included a wide assort- 
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ment of benign and malignant tumors of both connective and epithelial tissue 
types, and such conditions as Hodgkin’s disease, lymphatic leukemia, and so on. 
The average rate of mitosis was 10 per 1000 for the 300 tumors with variations 
from o to 32 per 1000. In some 30 tumors the rate of mitosis in the metastases 
was compared with the rate in the primary tumor and found to be identical in 
every instance. In 15 of 16 recurrences averaging i year after removal of the 
primary tumor, the rate was also identical. In the heavily irradiated exception 
the rate was much higher than in the primary tumor. Tumors of laboratory 
animals were found to have the same range of variation (0-32) as the tumors of 
man. The transplantable tumors used had rates of mitosis of more than 12 per 
1000 and were nearly aU anaplastic in appearance, thus corresponding to the 
more malignant tumors of man. No malignant tumors except basal cell epi- 
thelioma (which averaged 2 per 1000) had rates of mitosis of less than 4 per 1000 
and no benign tumor a rate greater than 4 per 1000. There seems to be a very 
sharp line of cleavage between benign and malignant tumors at about 4 per 1000. 
Tumors from young individuals or from the internal organs averaged a higher 
rate of mitosis than the tumors from the surface of the body or from old people. 
Sarcoma and carcinoma of the same grade had similar rates of mitosis. 

Mitosis counts were made on a series of about 100 tumors upon which five 
year follow-ups were available. These included mixed tumors of the parotid, 
tumors of the breast and cervix, and a few sarcomas. The 25 individuals with 
tumor mitosis rates of 3 or less were living at the end of the 5 year period, whereas 
80 per cent of the 40 individuals with tumor mitosis rates above 12 per 1000 
were dead at the end of 5 years. Fifty-seven per cent of the remainder having 
rates between 4 and 12 were dead at the end of 5 years, the tumors of this group 
falling into the pathological grading of I and H. The tumors with rates of 12 to 
32 correspond to grades II plus, III, and IV. \Vhen the mortality was plotted 
on the ordinate and the mitosis rate on the abscissa with a scale having ascend- 
ing intervals of i, 2, 4, 8, 16, 32, a symmetrical smooth S-shaped curve with a 
sharp ascent at 4 to 7 mitoses per 1000 resulted. This indicates a very high cor- 
relation between the rate of cell division in a tumor and its malignancy. The 
method should prove valuable in studies on the biolog}’’ of tumors particularly 
in indicating the relative action of various agents on the constitution of the host 
or on the growth rate of the tumor cells. The method has seemed helpful in 
differentiating benign from malignant tumors; it very largely eliminates the 
present subjective error in the estimation of the number of mitoses and substi- 
tutes a mathematical!}'- accurate estimate of the growth rate in a given tumor, 
which growth rate usually remains constant through primary, metastatic and 
perhaps also the recurrent phases of tumor growth in a given individual. 


Discussio7i 

(Dr. Shields Warren, Boston.) Last week Dr. Casey was good enough to tell 
me about this and I had the opportunity to have one of my men run over these 
counts on ^’arious t}’pes of cells. While we all recognize that mitotic activity is 
roughly parallel to growth rate, I think it is a mistake to depend too much on it, 
and I was rather interested that two of the relatively high mitotic counts, in the 
region of 19 and 21, were on tumors of fairly low malignancy, and that in tw’o 
basal cell carcinomas the counts were ii and 13 per thousand respectively. In 
cardnomas of the breast, on the other hand, the count was around 7 and 8 per 
thousand, as Dr. Casey’s was. I feel that the number of mitoses is only one of 



888 


AMERICAN ASSOCIATION OF PATHOLOGISTS 


many factors that have to be taken into consideration in activity and growth, 
and particularly in the prognosis of a tumor. 

The Eefect oe Testicular Extract on a Transplantable Epithelial 
Tumor op Rabbits. Thomas T. Walker, Watertown, New York. 

Abstract. Testicular extract was found markedly to increase the growth of the 
Brown-Pierce carcinoma of rabbits as compared to control tumors resulting 
from equal inoculations of the same material. In a series of 13 animals consti- 
tuting three separate experiments, tumors in the skin and testicle averaged about 
200 per cent greater than the corresponding controls. Testicle extract was ad- 
ministered intravenously, i cc. per day, starting in some instances after definite 
tumor growths had appeared. In one experiment it was also injected with the 
tumor cell suspension. Tumors resulted from each inoculation in the treated 
series and in one of the controls the tumor grew for a time and later completely 
regressed. The testicle extract used was prepared from rabbit testicles as de- 
scribed by Duran-Reynals. 

The So-Called Brenner’s Tumor op the Ovary. Stanley P. Reimann and 
(by invitation) Clark E. Brown, Philadelphia, Pa. 

Abstract. A mixed Brenner tumor of the ovary occurring in a 52 year old woman 
was recorded. Emphasis was laid upon the biological and morphological dif- 
ferences between these tumors, which have had no notable endocrine activity, 
and the granulosa cell tumors of the ovary. The inadvisability of the term fol- 
liculoma, with which they have been designated previously, was mentioned. 
Brenner tumors have been discussed in the German literature at some length: 
Plant, 9 cases, Meyer, 21 cases. The latter has pointed out their frequent coin- 
cidence in the same mass with pseudomucinous cystomas and has shown actual 
communication between the indifferent epithelium of the Brenner tjqie and 
cysts lined with typical pseudomucinous epithelium. An etiological relation 
between the two has been suggested by Meyer’s demonstration of pseudomucin- 
like cells in the strands of Brenner epithelium. The origin of these tumors is 
thought to be ovarian germinal epithelium in some postovogenic phase of its 
development, either as congenital foci of Walthard, or as later invasions of the 
epithelium into ovarian substance. 

Discussion 

(Dr. Harry C. Schmeisser, Memphis.) Dr. J. M. Maury and I reported a case 
of bilateral ovarian tumors of the Brenner type in the American Journal of Ob- 
stetrics and Gynecology, 1934, 27, 290-293. Dr. Robert Meyer of Berlin, who is 
an authority on this tumor, confirmed the diagnosis. The solid type of Brenner ’s 
tumor occurred in the right ovary, which was converted into a very firm, irregu- 
lar, bluish white translucent mass with a smooth and glistening surface resem- 
bling the ovary in shape. It measured 9 by 6 by 3 cm., and weighed 100 gm. On 
sectioning the mass the knife met with considerable resistance. The cut surface 
consisted of firm, bluish white fibers enclosing small areas of pink tissue, and was 
everywhere translucent and very firm. Microscopically the tumor was com- 
posed of ovarian type of stroma, rich in cells and fibrous tissue with nests of 
epithelial cells, characteristic of the Brenner tumor. The pseudomucinous 
cystoma type of Brenner’s tumor occurred in the left ovary, which was con- 
verted into a round fluctuating mass with an intact outer membrane whose 
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surface was smooth and glistening. The mass measured 20 cm. in diameter and 
weighed 3000 gm. On sectioning the mass it was found to consist of one large 
cavity with many smaller cysts projecting from the inner surface of its thick, 
bluish white, translucent fibrous wall. The large and smaller cysts were filled 
with a mucoid material and lined by a pink membrane, mostly smooth but in a 
few places mass-like. Microscopically the cyst was lined by pseudomucin 
secreting columnar epithelium. In the stroma of the wall were epithelial nests 
and strands of the Brenner type. Both tumors were considered benign. This 
was apparently the first recorded bilateral case. 

(Dr. Alfred Plant, New York City.) As to the rarity of the Brenner tumor, 
probably the same rule applies as to many other rare conditions: once it has been 
demonstrated convincingly it will be found more frequently. In fact, the number 
of case reports has increased since Robert Meyer’s publication. Robert Meyer 
has observed 4 cases in 20 years in his enormous material in Berlin. In Buda- 
pest s cases have been seen among 1100 ovarian tumors, and we have seen eight 
Brenner tumors within g years in New York City. When I first saw these 
tumors I had a disagreement with the tumor authorities in New York because 
they insisted that these nodules were malignant while I considered them benign. 
Today we know they are benign. Whether there is a potential malignancy I do 
not know, but so far no case has turned malignant. There is a statement in the 
literature that one Brenner tumor in Kermauner ’s collection in Vienna showed 
something like malignancy. But this case represents only a metastasis of another 
carcinoma into that part of an ovary which incidentally is surrounding a Bren- 
ner tumor. When I saw a low power photomicrograph of this case in the Hand- 
book of Gynecology I wrote a letter to the Kermauner Clinic in Vienna asking 
if this were not perhaps a Brenner tumor. Dr. Schiller was kind enough to look 
the case up and he found it to be a Brenner tumor. At the same time, 2 other 
cases from Kermauner ’s collection, which had been put on record as metastatic 
carcinoma in the ovary, also have been classified as Brenner tumors. Bilateral 
Brenner tumors must be very rare. Did you find solid tumors in both ovaries? 

(Dr. Schmeisser.) No, solid on one and the other side was cystic, and Brenner 
cells were found in the cyst. 

(Dr. Plaut.) Schiffmann has reported a Brenner tumor in one ovary, with 
Brenner tumor found microscopically in the other ovary. The Brenner tumor 
in an unusually large percentage of cases is found together with other ovarian 
tumors, also with rare ones. It has been found together not only with carcinoma 
of the ovary, but also with granulosa cell tumors and with ovarian struma. 
Brenner was not the first one to describe this tumor. Eight years before him, 
Orthmann described the tumor very well and gave good illustrations. Neither 
he nor Brenner has interpreted the tumors correctly. It was Robert Meyer in 
Berlin who gave the first correct interpretation. 

I am calling the tumor "fibroepittelioma mucinosum benignum,” thinking 
that this name describes the most important features of the Brenner tumor. 

Within the last 2 years I have found only one additional Brenner tumor in the 
material of the Beth Israel Hospital. 

Papillary Cystadenoma LYimHOMATOSuii or the Parotid Gland (Onko- 
CY”rOMA). David A. Wood, San Francisco, Calif. 

Abstract. Cystadenomas of the salivary' glands comprise an unusually t3'pical 
but rare group of tumors. To date 31 authenticated cases confirmed by histo- 
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logical examination have appeared in the literature. Extensive speculation as 
to their obscure origin has led to much confusion in nomenclature. For example, 
we find such terms as onkocytoma, adenolymphoma, branchiogenic adenoma, 
“orbital inclusion” cystadenomas, and papillary cystadenoma lymphomatosum. 

Clinically and pathologically these tumors are slowly growing, benign, occur 
chiefly in males beyond 40 years of age, and show a characteristic structure ex- 
cept for cystic, tubular, and papillary variations. Papillary cystadenoma 
lymphomatosum is a descriptive name and refers to the intimate admixture of 
epithelial and lymphadenoid components which are characteristic. Their lining 
walls are characteristic in that they are composed of a double layer of peculiar, 
taU columnar epithelium, the cells of which are swollen, granular, possess dis- 
taUy placed nuclei, and show no cilia. Intercellular secretion capillaries are 
fairly numerous. The lymphadenoid stroma contains what appears to be definite 
germinal centers. 

Three additional cases are reported, all occurring in males, 37, 48 and 71 years 
of age. The tumors were all approximately the same size, averaging 5 by 4 by 3.5 
cm. They were similar in structure except for papillary and cystic variations. 
The three tumors were sharply encapsulated and circumscribed. Two were 
found in the right parotid gland, one in the left. 

In support of the thesis that papillary cystadenoma l5Tnphomatosum is a true 
salivary tumor, another case is presented in which a parotid gland from a cada- 
ver showed a cystic dilatation of an excretory duct. The duct was partially 
lined by a double layer of columnar epithelial cells supported upon a lymphade- 
noid stroma presenting a picture strikingly similar to that seen in the 3 cases 
reported. These peculiar epithelial cells known as “ onkocytes” can be found in 
the salivary glands of progressively aging individuals beyond the age of 20 years. 
Their occurrence is always associated with the development of a lymphadenoid 
stroma. The similarity between “onkocytes” and the cells characteristically 
found in the tumors under discussion is so striking as to suggest the possible 
adoption of the name “onkocytoma.” 

The Eeeect oe Pituitarectomy on the Natueae Resistance oe Adult 
Albino Rats to Histamine Poisoihng. David Perla and (by invitation) 
S. H. Rosen, New York City. 

Abstract. The natural resistance to histamine was depressed in completely pitui- 
tarectomized rats i to 10 weeks after operation. The m L D was one-fifth to 
one-third that for normal rats. 

This decrease in resistance was associated with hemorrhage into or atrophy 
of the inner zones of the cortex of the adrenals. 

Rats in which the posterior lobe and most of the anterior lobe were removed 
showed a similar drop in resistance. In these instances atrophic changes in the 
suprarenal cortex occurred. Where a large fragment of anterior lobe remained 
there was no depression of resistance to histamine and the suprarenal glands 
were normal. 

The repeated injections of large amounts of suprarenal cortical hormone 
raised the natural resistance of totally pituitarectomized adult rats to histamine 
poisoning. In some instances the resistance was raised almost to the level of nor- 
mal rats. 

The drop in natural resistance to histamine following pituitarectomy in the 
rat is probably secondarj-^ to the atrophic changes of the suprarenal cortex in- 
duced by the withdrawal of the adrenotropic hormone of the anterior lobe. 
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Discmsioil 

(Dr. David Seecof, Montreal.) I should like to ask how these quantitative 
determinations were made. Was the lethal dose of the histamine determined by 
noting whether a rat succumbed to 100 mg., or to 1000 mg., or was the dose 
repeated daily, or every few hours; in other words, how was the exact quantity 
determined for the lethal dose of histamine? 

(Dr. Perla, closing.) The lethal dose was determined only by groups of rats. 
A series of rats was taken in which the hypophysis was completely removed; 
some were given one dose, and others a larger dose, and in that way the range 
was established. In some instances a rat was used more than once, but the inter- 
val between was generally several weeks. The minimum lethal dose could not 
be determined with a drug such as histamine on an individual animal, but simply 
the range of a number of animals receiving the same operative procedure. 

Pituitary Basophilism. H. M. Zimmerman, New Haven, Conn. 

Abstract. The case is described of a white male, aged 44 years, who presented 
the clinical features of Cushing’s syndrome of pituitary basophilism. The patient 
came to autopsy as the result of a ruptured dissecting aortic aneurysm and 
cervical cellulitis. Postmortem examination revealed an inactive basophilic 
adenoma of the anterior pituitary, cortical hyperj>lasia and adenomas of the 
adrenal glands, an adenoma of one of the parathyroid bodies, and diffuse skeletal 
demineralization . 

Discussion 

(Dr. William Boyd, Wiimipeg.) Was there any calcification in the kidneys? 
Could the adenoma be recognized with the naked eye? Was it clearly demar- 
cated by a capsule from the surrounding tissue? 

(Dr. H. Edward MacMahon, Boston.) I did not understand what kind of an 
aneurysm was present. I should be interested in knowing if this were a dissect- 
ing aneurysm because of the frequency of this lesion in malignant h3q)ertension 
and of the association of the latter with functioning basophilic adenomas of the 
adenohypophysis . 

(Dr. Zimmerman, closing.) It was a dissecting aneurysm. 

In answer to Dr. Boyd’s questions — there was no calcification in the kidney. 
The arteries and arterioles in the kidney appeared normal. 

The tumor could not be seen with the naked eye, and we escaped losing it by 
not stripping the dural envelope of the pituitary. Frequently it has been our 
custom to remove the dural envelope to facilitate sectioning, and it is possible 
to tear away the adenomas as they occur beneath the dura, and frequently, as 
in this case, invade the dural envelope. The tumor was sharply demarcated. 
It was outlined by a thin, connective tissue capsule, and it had compressed the 
surrounding pituitary cells so that it did represent an actual adenoma. 

A Histopathological Study or One Hundred Hypophyses. E. M. Butt (by 
invitation) and Roy M. Van Wart, Los Angeles, Calif. 

Abstract. In a study of 126 h}q5ophyses from unselected cases of all ages, an at- 
tempt was made to correlate the histological findings with clinical and patholog- 
ical changes. The h3q)ophyses were serially sectioned on a horizontal plane at 
7 nucrons, every tenth section being mounted and stained with hematoxylin 
and eosin. From 50 to 90 sections were examined for each hypophysis. 
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On account of the brief period of time allotted, the presentation was limited to 
the subject of infiltration of the pars nervosa by epithelial elements, presumably 
arising from the pars intermedia. Epithelial infiltration of the posterior lobe 
was found in 83.6 per cent of all cases. The greatest incidence was noted in the 
age group from 61 to 70. However, good examples of cellular infiltration of the 
pars nervosa were found in individuals under 30 years of age. No correlation 
was established between hypertensive states, atherosclerosis or eclampsia and 
posterior lobe basophilia. 

Discussion 

(Dr. Alfred Plant, New York City.) We have in the last 2 years undertaken 
a similar study comprising about 80 hypophyses. We again are unable to find 
any relation between the amount of epithelial infiltration of the posterior lobe 
and the blood pressure. In the course of other hypophysis studies we have 
(many years ago) attempted to find a correlation between this epithelial in- 
vasion and any other condition. We found none. I should like to ask Dr. Butt 
how many different levels of these hypophyses were examined. 

(Dr. Butt.) Serial sections were cut at 7 microns. Every tenth section was 
examined. 

(Dr. Plant.) Since this was so, I am astonished that you found such a high 
percentage of hypophyses -without infiltration, because if one examines a large 
number of sections, one finds infiltration practically always in adults, and in 
children also. 

(Dr. Da-vid Seecof, Montreal.) I might mention casually some observations 
on about 2000 pituitaries not sectioned serially, but on taking one section 
through the middle of the gland. The infiltration of the posterior lobe was found 
very often and no correlation with any clinical or pathological condition could 
be found. 

(Dr. William Boyd, Winnipeg.) My own experience agrees entirely with the 
speakers. 

(Dr. Butt.) In closing I might say that some 84 per cent had epithelial in- 
filtration of basophUic t}^e, and only 17 per cent were -without it. I assume if 
we had studied every fifth section we would have found a higher percentage of 
infiltration in aU ages. 

Morphological E-vidence oe the Eefect of Iodine and Desiccated Thy- 
roid ON THE Anterior Pituitary. Da-vid Marine and (by invitation) 
S. H. Rosen and C. Spark, New York City. 

A bstraci. It has been knoivn for a century that the anterior pituitary is markedly 
enlarged in individuals with endemic goiter and for more than 50 years that re- 
moval of the thyroid is followed by hypertrophy of the anterior pituitary and 
disappearance of the acidophilic granules. Our experiments on rabbits have 
showm that iodine administered to rabbits with hyperplastic goiter and hyper- 
trophic anterior pituitary causes a restoration of the acidophilic granules and a 
great shrinkage of the volume of the gland amounting to a return to normal size 
and staining reaction. 

Iodine administered to thyroidectomized rabbits neither prevents the occur- 
rence of hj’pertrophy nor restores the acidophilic granules. Desiccated thyroid 
or thyroxine will prevent the hypertrophy and restore the acidophilic granules 
and reduce the volume of the gland to normal if h37pertrophy has occurred. 
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These studies indicate that the th)Toid secretion exerts as remarkable a con- 
trolling influence on the anterior pituitary as the anterior pituitary hormone 
(thyrotropic) does on the thyroid. 

Dismission 

(Dr. Isolde T. Zeckwer, Philadelphia.) In some experiments which we have 
been carrying out the pituitary of thyroidectomized rats was tested for its 
thyrotropic hormone potency by injection into guinea pigs. The thyroidecto- 
mized rat ’s pituitary at a stage when it is almost devoid of acidophiles has a very 
high th3T:otropic hormone content, greater than that of normal rat pituitary con- 
trols. I beheve this is direct evidence that the acidophile can be excluded as 
the producer of the thyrotropic hormone. 

(Dr. Marine, closing.) We have not tried rats. Dr. Rosen has tried several 
such experiments on the rabbit pituitary and we could not find any evidence that 
the thyrotropic factor was increased in thyroidectomized rabbits, in spite of the 
fact that after thyroidectomy there is other evidence to believe that the thyro- 
tropic hormone is formed in much greater amounts. Our opinion is that it is not 
being stored. Others have reported similar findings for the dog and rat. Aaron 
has shown an increase in the th 3 '^rotropic factor in the peripheral blood of thy- 
roidectomized animals and several laboratories have observed the increase in 
acidophilic granules and in thyrotropic potency of pituitaries following iodine 
administration to animals with intact thyroids. 
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STUDIES ON THE RELATION BETWEEN MICROGLIA, 
HISTIOCYTES AND MONOCYTES 

Henry S. Dunning, M.D.,** and Jacob Furth, M.D. 

{From the Department of Pathology, Cornell University Medical College, Ne7v York City) 

Ameboid phagocytic cells with the ability to store large amounts 
of colloidal substances are present in most of the tissues and in the 
blood of animals and man. In the central nervous system, in the 
retina ^ and in gangHa ^ they are known as microglia, in other tissues 
as histiocytes,^ and in the blood as monocytes.® A survey of the lit- 
erature indicates that these three types of cells are closely related, 
and the studies described in this report bring further evidence of 
their intimate relationship. 

Del Rio-Hortega ^ discovered that the phagocytic cells in the ner- 
vous system could be stained selectively with silver carbonate. In 
normal nervous tissue these cells exist as independent elements 
and are distinguished by their irregular, hyperchromatic nuclei and 
cytoplasmic processes on which there are thorn-like projections. 
Following injury to nervous tissue they increase in number, engulf 
cellular debris and red blood corpuscles, and fat droplets accumulate 
in their cytoplasm. During this phenomenon the processes become 
less conspicuous and the cells are transformed into round elements 
often called compound granular corpuscles. On the basis of the se- 
lective and distinctive staining of these cells with silver carbonate 
Hortega defined them as the third element of nervous tissue and 
named them microglia. At the present time Hortega’s method is the 
only reliable means of their identification. The relation of microglia 
to histiocytes and monocytes became evident when Russell ^ demon- 
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strated their ability to store trypan blue, and Lebowich ® has re- 
cently found bacteria in microglia cells. 

Costero ®’ cultivated ameboid cells from the brains of chickens, 
mice, rats, rabbits, guinea pigs and human embryos and concluded 
that they were microglia on the basis of their morphological proper- 
ties in tissue cultures stained by Hortega’s method and on their func- 
tional property of phagocytosis. He pointed out that the chief char- 
acteristics of microglia in vitro were the same as those manifested by 
histiocytes and monocytes cultivated by other workers. Wells and 
Carmichael ® studied the ameboid cells of explants of the brain, peri- 
osteum and limb bud of chick embryos, using Hortega’s method of 
staining and supravital d,yes; they stated that ‘'the striking resem- 
blance between the cells in the brain cultures and the wandering 
cells in the cultures of periosteum and limb bud suggested that these 
two types were identical.” Belezky ? demonstrated that histiocytes 
in the mesenchyme of the fowl embryo are morphologically similar 
to the microglia seen in injured nervous tissue and maintained that 
histiocytes enter the nervous system along the branches of choroidal 
and pial blood vessels, whence they migrate into the nervous tissue 
and develop into microglia. Von Santha and Juba found cells 
which they believed were primitive microglia near small blood ves- 
sels in the brain of a rat fetus weighing 15 mg. They observed that 
these cells first appeared in the brain near the first vascular channels 
and maintained that microglia are transformed “blood elements” 
that have migrated into the nervous tissue from the lumen of blood 
vessels. The finding by von Santha and Juba of microglia-like cells 
in the optic bulb outside of the retina and in the non-nervous 
tissue between the otocyst and the pharyngeal cleft is additional 
evidence that microglia are not peculiar to the nervous system. Sub- 
sequently, Juba 12 found microglia in the brain of a human fetus 
23 mm. in total length and in the brain of a fowl embryo 5 days old. 
Dunning and Stevenson, using Hortega’s method, stained cells in 
the normal liver, spleen and Iddney of the rabbit, which, on the basis 
of morphological properties, reaction following injury to these organs 
and ability to store trjqian blue, they concluded were identical with 
the microglia; their studies of these cells in the spleen indicated that 
they were histiocj’^tes. Von Mihalik recently concluded that there 
was no difference between the macrophages in cultures of nervous 
tissue, liver and subcutaneous tissue of the chicken. 
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The extensive literature pertaining to the nature of liistiocytes has 
been reviewed by Asclioff,^® Foot and Maximow.^ Illustrations of 
histiocytes, referred to as polyblasts, having nuclei and cytoplasmic 
processes similar to microglia are found in the plates accompanying 
the comprehensive studies of the elements of the connective tissues 
by Maximow (Plate I, Figs. 30-35, Plate IV, Fig. 3, and Plate 
Vm, Fig. 5). Ranvier ^®.in 1900 had already Olustrated histiocytes, 
which he called clasmatoc3des, in the omentum and mesentery of 
various amphibia and of mammals, fixed in osmic acid and stained 
with methyl violet. The nuclei of these cells are similar in shape to 
those of microglia, but the thorn-like projections on the cytoplasmic 
processes, so distinctive of microglia, are not evident. The clasmato- 
cytes, he thought, were emigrated leukocytes *; the size and shape 
of their ramifications seemed to depend partly upon the elements of 
the tissue between which they were situated. He observed that liv- 
ing leukocytes put out prolongations that adhered to the surface of 
the warm glass chamber containing them and considered this phe- 
nomenon as evidence of the transformation of leukocytes into clas- 
matocytes. He also described the transformation of clasmatocytes 
into round cells, indistinguishable from leukocytes, following inflam- 
matory irritation of the peritoneum. 

When Aschoff and Kliyono demonstrated the ability of large 
mononuclear leukocytes to store lithium carmine injected into the 
circulation, it became evident that a well known property of his- 
tiocytes is also an attribute of monocytes. In cultures of normal and 
pathological human l3anph nodes Lewis and Webster described 
epithehoid cells and giant cells, which they thought probably arose 
from or had the same origin as the large wandering cells which ap- 
peared in great numbers in almost every culture. Maximow in- 
fected cultures of lymphoid tissue, omentum and connective tissue 
"vwth tubercle bacilli and concluded that the epithelioid cells and 
giant cells arose from histiocytes (“polyblasts ”) . He also stated that 
lymphocytes transformed into “polyblasts” and sometimes acquired 
an epithelioid character. A “polyblast” with nucleus and cyto- 
plasmic processes typical of a microglia cell is illustrated in his paper 
late I, Fig. 3). Lewis reported the formation of macrophages, 
epithelioid cells and giant cells from mononuclear leukocytes in incu- 

leukocytes and cellules lymphaliques appear to be synonymous in Ran- 
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bated blood of the chicken, mouse, guinea pig, dog and of man. 
Carrel and Ebeling^^ compared cultivated histiocytes with mono- 
cytes of the adult chicken and found that ‘'the essential properties 
of the blood monocyte and the tissue macrophage appear to be 
identical, as shown by the appearance of the colonies, their action 
on the medium, the mode of locomotion and the structure of the 
cells, their rate of growth, their food requirements and their sus- 
ceptibility to certain toxic substances.” The potentiality of histio- 
cytes and monocytes to transform into epithelioid cells and giant 
cells has been confirmed by Hetherington and Hetherington and 
Pierce according to their observations the lymphocytes play no 
role in the formation of macrophages, epithelioid cells and giant 
cells. 

Material and Methods 
1. Study oj Fixed Tissues 

Satisfactory preparations were obtained from the brains of chicken 
embryos 13, 15 and 16 days old, the liver of a chicken embryo 15 days 
old, peritoneal folds of a young chicken, the brain of a guinea pig 
embryo weighing 29 gm. and the mesentery of a mature rabbit. 

The tissues were stained with silver carbonate, according to the 
method of del Rio-Hortega for the demonstration of microglia, 
with slight variations. 

The entire brain and liver were fixed in Cajal’s formol-hromide 
solution; 


Ammonium bromide 20 gm. 

Formaldehyde (Merck) 140 cc. 

Distilled water 860 cc. 


The brain and liver of chicken embryos were fixed for 17 to 20 hours, 
but the brain of the guinea pig embryo required 41 hours of fixation. 
They were then heated in fresh formol-bromide to 5 o°- 55 ° C. (10 
minutes) and rinsed in distilled water. Frozen sections 10 to 1 5 
microns thick were cut. They were received in distilled water, trans- 
ferred to distilled water containing a few drops of strong ammonia 
water (a few minutes) and washed in 2 changes of distilled water. 
They were then placed in Hortega’s strong silver carbonate solution: 


Silver nitrate, 10 % (in redistilled water) 10 cc. 

Sodium carbonate, $ % (in redistilled water) 40 cc. 


Strong ammonia water, just enough to dissolve the precipitate. 
Solution filtered and stored in an amber glass stoppered bottle. 
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Sections of brain of tbe chicken embryos 15 and 16 days old required 
30 seconds in the silver solution, but those of the younger chicken 
embryo and of the guinea pig embryo and the sections of embryonic 
chicken liver required a longer period. They were placed in one 
dish of silver carbonate for 2 minutes and in a second dish for 3 
minutes. SOver was reduced in the sections by blowing them about 
forcibly in a t per cent solution of formalin. They were then 
washed in 2, changes of distilled water, fixed in 5 per cent sodium 
hyposulphite, washed in 2 changes of distilled water, dehydrated 
in 95 per cent alcohol and mounted in Canada balsam after clear- 
ing in carbol-xylol made up as follows: 


Carbolic acid crystals 100 gm. 

Creosote 100 cc. 

Xylol 800 cc. 


Fragments of peritoneum, after fixation in formol-bromide for 
17 hours, without subsequent heating, were treated in the same man- 
ner as the sections of brain and liver. Requiring the longer period of 
staining, they were placed in one dish of silver carbonate for 2 min- 
utes and in a second dish for 3 minutes. 

2. Study of Cultures of Tissues and Blood 

Satisfactory cultures were obtained from cerebral hemispheres of 
chicken embryos 13, 14, 16 and 18 days old, the livers of chicken 
embryos 14 and 16 days old, a kidney of a chicken embryo 14 days 
old, a cerebral hemisphere of a guinea pig embryo weighing 29 gm., 
the liver of a guinea pig embryo weighing 76 gm., the blood of chick- 
ens, two young and one mature, and the blood of a young human 
adult (two series of cultures) . 

Preparation of Cultures: The tissue was placed in a dish of Tyrode 
solution, where it was freed from all visible blood vessels and fibrous 
portions. It was then transferred to a dish of fresh Tyrode solution 
and cut up into pieces approximately i mm. square. Each piece was 
placed on a coverslip in one drop of plasma obtained from a chicken 
starved 24 hours; the tissues from the guinea pig embryos were 
placed in the plasma of the mother, also starved 24 hours. To the 
plasma was added 2 drops of Tyrode solution containing i :io parts of 
extract of chicken embryos 8 days old. The coverslips, inverted over 
hollow-ground slides and sealed with paraffin, were incubated at 
37-5 C. Subcultures were not made, nor were the cultures washed. 
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All of the cultures of blood were prepared by clotting the buffy 
coat with one drop of extract of chicken embryos after the removal of 
most of the plasma. The buffy coat was placed in a dish of Tyrode 
solution and cut up into pieces approximately i mm. square. After 
washing with fresh Tyrode solution coverslip preparations were 
made in the same manner as the tissue explants, using i drop of the 
donor’s plasma and 2 drops of Tyrode solution containing i :io parts 
of extract of chicken embryos. 

Half of the explants were placed on coverslips coated with carbon 
by passing them once through the flame of a burning stick of wood. 
The single layer of carbon particles deposited on the glass did not 
interfere with the growth or visibility of the cultures. 

At frequent intervals some of the preparations were unsealed. One 
drop of physiological saline containing i -.20,000 parts of neutral red 
(National Aniline and Chemical Co.) was placed on the plasma 
dots, the cultures were resealed and examined on a warm stage. 

Staining of Cultures: Most of the cultures were stained with silver 
carbonate. The method used was similar to that described by Wells 
and Carmichael,® who applied to tissue cultures the method of del 
Rio-Hortega for the demonstration of microglia in fixed tissue. 
The coverslips with the adherent plasma dots were fixed in Cajal’s 
formol-bromide solution (20 to 24 hours), then heated in fresh 
formol-bromide to 37.5° C. (i hour), washed in distilled water (5 
minutes), placed in 25 cc. of distilled water containing 2 drops of 
strong ammonia water (25 minutes) and washed in 2 changes of dis- 
tilled water (5 minutes in each). The coverslips were placed in 
Hortega’s weak silver carbonate solution, made up by adding 100 cc. 
of redistilled water to the strong solution, and heated to 37-5° C. 
(5 to 9 minutes) . After dipping them once in distilled water, silver 
was reduced in the cultures by waving the coverslips to and fro in a 
I per cent solution of formalin. They were then washed in 2 changes 
of distilled water (5 minutes in each), fixed in 5 per cent sodium hy- 
posulphite (5 minutes) , washed in 2 changes of distilled water (5 min- 
utes in each), dehydrated in alcohol (5 minutes in 50 per cent, 5 min- 
utes in 70 per cent, 5 minutes in each of 2 changes of 95 per cent 
alcohol), cleared in carbol-xylol (5 minutes in each of 2 changes) and 
mounted in Canada balsam. Some of the cultures were counter- 
stained for fat. After washing out the sodium hyposulphite from the 
cultures the coverslips were placed in 70 per cent alcohol (15 seconds). 
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stained in a saturated solution of Sudan III in 70 per cent alcohol 
(5 minutes), placed in 70 per cent alcohol (a few seconds), washed in 
distilled water (5 minutes) and mounted in gum-glycerine. 

Carbon particles within cultivated cells were satisfactorily demon- 
strated by staining the cultures with paracarmine. The coverslips 
with the adherent plasma dots were fixed in 2 per cent formalin in 
Ringer’s solution (at least i hour), washed in 2 changes of distilled 
water (5 minutes in each), placed in 70 per cent alcohol (5 minutes), 
stained in Mayer’s paracarmine (25 minutes), placed in 2.5 per cent 
glacial acetic acid in 70 per cent alcohol (5 minutes), dehydrated in 
alcohol (5 minutes in 95 per cent, 5 minutes in each of 2 changes of 
absolute alcohol), cleared in 2 changes of xylol (5 minutes in each) 
and mounted in Canada balsam. 


Experimental 


I. Study of Fixed Tissues 
Nervous Tissue 

Sections of the brains of chicken and guinea pig embryos in the 
latter half of development, stained with silver carbonate, were 
studied. 

In the brains of the chicken and guinea pig embryos there are 
many mature microglia cells with fully developed processes (Figs, i 
and 2), such as are present in greater numbers in the nervous sys- 
tem of animals and man after birth. In the chicken embryos there 
are also swollen microglia cells with fewer processes about capillaries 
and just beneath the pia and the ependyma. These cells correspond 
to the primitive forms of microglia demonstrated by Hortega ^ in the 
nerv^ous system during late embryonic life and shortly after birth. 


Non-Neroous Tissue 


A peritoneal fold of a young chicken, the mesentery of a mature 
rabbit and sections of the liver of a chicken embryo 15 days old were 
studied. The tissues were stained with silver carbonate in the same 


manner as the sections of brain. 

Scattered throughout the peritoneal membrane of the chicken and 
numerous isolated cells selectively stained brown, 
ev are distinct from the faintly stained fibroblasts and mesothelial 
ce s, between which they lie, and have irregular, hj^perchromatic 
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nuclei and processes characteristic of microglia cells. They appear to 
be the “clasmatocytes” of Ranvier.^® 

Scattered throughout the liver of the chicken embryo there are 
many cells selectively stained brown and conspicuous against the 
gray-colored hver cells and connective tissue. They are found in the 
connective tissue about the portal veins, between the hver ceUs and 
partly or entirely within the sinusoids and do not anastomose with 
each other, Morpholo^cahy they are indistinguishable from the 
microgha of the chicken embryos. A cell with four irregular processes 
on which there are numerous thorn-hke projections, apparently sur- 
rounded by hver cells, is iUustrated in Figure 3 , The majority of the 
microgha-like ceUs in the hver are swohen and have fewer processes 
than the one in this figure and are partly or entirely within the sinu- 
soids. The presence of blood ceUs in the cytoplasm of many of them 
indicates their phagocytic ability. 

The ceh in Figure 4 is situated between hver ceUs, and one of its 
two processes extends into a sinusoid; the ceh in Figure 6 is entirely 
within a sinusoid and lies against its wah. It is morphologicaUy dis- 
tinct from the endothelial cehs of the sinusoid, the nuclei of which 
appear in the picture. The endothehal cehs have elongated, oval, 
black nuclei from which gray cytoplasmic granules extend from 
each pole. In sections of the hver of another chicken embryo 15 days 
old the reticulum was distinctly stained according to a method com- 
bining the use of silver nitrate, silver carbonate and gold chloride. 
In these preparations the capsule of the hver and the wahs of the 
large blood vessels appear to be composed of coarse reticulmn fibers, 
which are continuous with very fine threads of reticulum extending 
along the sinusoids, but the microglia-like cehs are not stained by 
this method which so distinctly demonstrates the reticulum. 

This study indicates that in the hver of the chicken in the latter 
half of embryonic development there are many cehs morphologi- 
caUy identical with the microgha. Most of them he partly or en- 
tirely within the sinusoids and, because of their location, their mor- 
phological characteristics and their phagocytic ability, are identified 
as Kupffer cehs. A smaUer number of the microgha-like cehs are 
extravascular and do not differ from the histiocytes of the peritoneal 
membrane. Von Kupffer maintained that the cehs which have 
been named after him were endothehal cehs and formed a syncytium. 
This view has been almost uniformly accepted, but the more recent 
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studies of Zimmermann indicate that Kupffer cells are distinct 
from endothelial cells and do not anastomose vsdth each other. Zim- 
mermann also described cells with numerous processes situated be- 
tween the sinusoids and the liver cells, which he called pericytes and 
believed to be related to smooth muscle cells. The histiocyte illus- 
trated in Figure 3 of our article is morphologically identical with the 
“pericytes” of the hver illustrated in Zimmermann’s paper (Plate 28, 
Figs. 188 and 189). The studies of Zimmermann and our own indi- 
cate that the Kupffer cells, commonly called reticulo-endothehal 
cells, are distinct from endothelial cells and, unHke reticular cells, do 
not anastomose with each other. 

2. Study of Cultures of Tissues mid Blood 
Cultures of Nenous Tissue 

Cultures of the brains of chicken and guinea pig embryos in the 
latter half of development were studied. 

Chicken Brain: During the first day of the cultures, delicate 
straight fibers extended into the medium from the edge of the ex- 
plants. These structures were first observed in vitro by Harrison,^^ 
who identified them as neuraxones. After the first day they were 
obscured by two types of cells which appeared about the explants 
anastomosing cells, indistinguishable from fibroblasts, and large 
ameboid cells. The cells resembling fibroblasts mulphed by mitosis 
and eventually formed a tissue about the explants. The large ame- 
boid cells also multiplied by mitosis, displayed no tendency to anas- 
tomose with each other and migrated to the edge of the plasma clots. 

During the first few days of incubation the large ameboid cells of 
chicken brain, in cultures stained with silver carbonate, closely re- 
semble the microglia in normal nervous tissue, except for swelling of 
their cytoplasm and the presence of pseudopodia (Figs. 7, 13 and 14) . 
They have hyperchromatic, irregular nuclei and cytoplasmic proc- 
esses on which there are thorn-like projections. As the cells migrated 
away from the explants, fat droplets accumulated in their cytoplasm, 
their processes became swollen, shorter and fewer, and they became 
round (Fig. 24). Such cells, often called compound granular cor- 
puscles, are found in great numbers in areas of necrotic nervous 
tissue. When the large ameboid cells reached the edge of the plasma 
clots they flattened out against the coverslips and assumed epi- 
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thelioid forms. In some cultures these epithelioid forms adhered in 
great numbers to the coverslip over the explant. They were predom- 
inant during a late period of the cultures, usually during the second 
and third week and, although they were often closely packed to- 
gether, cell outhnes could be distinguished. Occasionally they ap- 
peared on the coversKps near the explant during an early period, in 
one culture as early as the third day. Epithelioid cells in cultures 
stained with silver carbonate (Fig. 9) are large and flat, circular in 
contour when isolated, and somewhat square when packed closely 
together. The cytoplasm of some is drawn out into a tapering sharp 
process. There are few granules in the peripheral portion of the 
cytoplasm and it is difficult to define the limits of the cells. Cen- 
trally, numerous, brown cytoplasmic granules form a conspicuous 
area at the margin of which there is usually one nucleus, occasionally 
two. The nuclei of the epithelioid cells are large, oval or round and 
pale, containing many fine brown granules and a few larger black 
granules. Fat vacuoles are usually present in the cytoplasm and are 
situated within or at the periphery of the central area. 

The following attributes of the large ameboid cells of the chicken 
brain were manifest in the living preparations. The projection of 
pseudopods from any portion of the cytoplasm was common to aU 
forms. A thom-like projection on one process of the cell in Figure 14 
forms the basis of three pseudopods. At the edge of the c3rtoplasm 
of the epithelioid forms there was continuous movement of small 
pseudopods. The large ameboid cells stored neutral red in abun- 
dance. In the forms with processes and in the round forms the dye 
appeared as distinct red granules evenly distributed throughout the 
cytoplasm. In the epithelioid forms it was confined to the central 
cytoplasmic area, where it appeared as a circular patch of red gran- 
ules or, in an occasional cell, as a rosette about a clear, central spot 
(centriole). In the cultures planted on smoked covershps carbon 
particles were found only in the various forms of large ameboid cells. 
In the forms with processes and in the round forms the carbon par- 
ticles were scattered throughout the cytoplasm, but in the epithelioid 
forms they were segregated in the central cytoplasmic area where, in 
many cells, they formed a rosette (Fig. 25). The large ameboid cells 
appeared to be very sticky; they adhered tenaciously to the cover- 
shps and to fibers accidentally incorporated in the plasma clots. 
Costero ^ demonstrated the ability of cultivated microglia cells to 



MICROGLIA, HISTIOCYTES, MONOCYTES 


905 


cling to threads introduced into the plasma clots. After the epi- 
thelioid forms became predominant the large ameboid cells rapidly 
died. They were last seen alive 5 weeks after incubation. 

Guinea Pig Brain: During the first two days of the cultures only 
neuraxones and cells resembling fibroblasts appeared about the ex- 
plants. The neuraxones grew more luxuriantly than in the cultures 
of chicken brain. Large ameboid cells were first seen on the third 
day and, less numerous than in the cultures of chicken brains, they 
never migrated as far as the edge of the plasma clots, although they 
survived in vitro for approximately the same length of time. During 
their life in the cultures they exhibited all of the morphological and 
functional properties of the large ameboid cells of chicken brain. 

Cultures of Non-Neroous Tissue 

Cultures of liver and kidney of chicken embryos and of the fiver of 
a guinea pig embryo in the latter half of development were studied. 

Chicken Liver: During the first day of incubation fibroblasts ap- 
peared about the explants. They were more abundant than the sim- 
ilar cells in the brain cultures, multiplied by mitosis and eventually 
formed a tissue about the explants. A considerable number of small 
ameboid cells also appeared about the explants on the first day. 
Identified in stained preparations as polymorphonuclear leukocytes, 
they migrated far out into the medium and died during the first week 
of incubation. During the second day large ameboid cells which 
moved more slowly than the smaller ones appeared about the ex- 
plants. They multiplied by mitosis and migrated to the edge of the 
plasma clots. 

During the first few days of incubation the large ameboid cells of 
chicken fiver, in cultures stained with silver carbonate (Figs. 15 and 
16), are indistinguishable from the large ameboid cells which ap- 
peared early in the brain cultures. They have irregular, hyperchro- 
matic nuclei and cytoplasmic processes on which there are thorn-fike 
projections. As they migrated farther away from the explants fat 
droplets accumulated in their cytoplasm, their processes became 
swollen, shorter and fewer, and they became round. During the 
second and third week those at the edge of the plasma clots flat- 
tened out against the coversfips and assumed epithelioid forms 
identical with the corresponding forms in the brain cultures. 

The large ameboid cells in the living cultures of chicken fiver ex- 
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hibited all of the attributes of the living, large ameboid cells of the 
brain. They remained alive in the cultures for approximately the 
same length of time, engulfed carbon particles, which appeared as a 
rosette in many of the epithelioid forms, and adhered to the cover- 
slips and to foreign fibers in the plasma clots. The ability of culti- 
vated Kupffer cells to stick to the fibers of lens paper has recently 
been demonstrated by Rous and Beard.®° As in the brain cultures, 
neutral red rosettes were observed only in an occasional epithelioid 
form, never in the round forms and in the forms with processes, in 
which the dye was always scattered throughout the cytoplasm. 

Chicken Kidney: The cultures did not differ from those of chicken 
liver, except that few or no polymorphonuclear leukocytes appeared 
about the explants. The large ameboid cells exhibited aU of the 
properties of the large ameboid cells in the liver cultures. 

Guinea Pig Liver: During the first day of incubation small and 
large ameboid cells began to migrate from the explants. The small 
cells were identified in stained preparations as polymorphonuclear 
leukocytes. They were about as numerous as those in the cultures of 
chicken liver, migrated far out into the medium and ceased to move 
after the first week. The large ameboid cells nioved more slowly 
than the small ones, multiplied by mitosis and were last seen alive 
6 weeks after incubation. They were less numerous than in the cul- 
tures of chicken tissues and never migrated as far as the edge of the 
plasma clots. 

In cultures of guinea pig liver stained with silver carbonate during 
the first few days of incubation the large ameboid cells resemble 
microglia (Fig. 8) . They have irregular, hyperchromatic nuclei and 
cytoplasmic processes on which there are thorn-like projections. Fat 
droplets accumulated in their cytoplasm and the cells became round. 
After the third week epithelioid forms appeared on the surface of the 
covershps over the explants. 

The large ameboid cells of the guinea pig liver in the hving cul- 
tures exhibited the following properties. They adhered to the cover- 
slips and to foreign fibers in the plasma clots and stored neutral red 
in the same manner as the corresponding cells in the cultures de- 
scribed above. They engulfed carbon particles. In one culture a sin- 
gle large ameboid cell containing carbon was observed for 6 days, and 
camera lucida drawings were made at frequent intervals (Fig. lo). 
It had several processes on the eighth day, gradually became round 
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and, after the eleventh day, ceased to move. The culture was fixed 
and stained on the thirteenth day, and no nucleus is visible in this 
cell. Carbon particles appeared as a rosette in some of the epi- 
thelioid forms. 


Cultures of Blood 

Cultures of the buffy coat of young and mature chickens and of a 
young human adult were studied. 

Chicken Blood: Three hours after incubation the explants were 
surrounded by a halo, i mm. wide, consisting of small ameboid cells. 
Nine hours later the halo had expanded to 2 mm. and, near the ex- 
plants, there were a few larger ameboid cells, which moved more 
slowly than the smaller ones. At the end of the first day the small 
cells had migrated to the edge of the plasma clots and the larger ones 
had formed an inner halo about the explants. In stained prepara- 
tions most of the small cells were identified as polymorphonuclear 
leukocytes, but the l3Tnphocytes could not be distinguished with 
certainty from the free nuclei of erythrocytes. After the first week 
the small cells ceased to move. The large ameboid cells multiplied 
by mitosis and migrated to the edge of the plasma clots. 

During the first few days of incubation the large ameboid cells of 
chicken blood, in cultures stained with silver carbonate (Figs, ii, 17 
and 18), like microgha cells, have irregular, hyperchromatic nuclei 
and processes with thorn-like projections. Rod-shaped cells (Fig. 17) 
similar to those in the cultures of chicken brain (Fig. 13) and fiver 
(Fig. 16) are predominant. As the cells migrated away from the 
explants fat droplets and nuclear debris accumulated in their cyto- 
plasm and they became round and identical with “compound gran- 
ular corpuscles.” Toward the end of the first week, after many of the 
large ameboid cells had reached the edge of the plasma clots, they 
flattened out against the coversfips and assumed epithelioid forms 
indistinguishable from those in all of the cultures described above. 

The attributes of the living, large ameboid cells of chicken blood 
were essentially the same as those of the corresponding cells in the 
living cultures of tissues. They engulfed carbon particles, which 
appeared in many of the epithelioid forms as a rosette, and adhered 
to the coversfips and to extraneous fibers in the plasma clots. In the 
neutral red preparations the dye appeared as distinct red granules 
scattered throughout the cytoplasm of all of the forms with processes 
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and of the majority of the round forms. In approximately one-fifth 
of the round forms it appeared as a distinct rosette of red granules 
about the centriole. Neutral red rosettes were never seen in the 
round forms of large ameboid cells in the cultures of tissues. In the 
epithelioid forms the dye was confined to the central cytoplasmic 
area where it appeared as a circular patch of red granules or, in an 
occasional cell, as a rosette. After the epithelioid forms became pre- 
dominant the large ameboid cells rapidly died. They were last seen 
alive 6 weeks after incubation. 

Human Blood: Twelve hours after incubation the explants were 
surrounded by a halo, 2 mm. wide, consisting of ameboid cells. In a 
culture stained at this time the larger cells can be identified as mono- 
cytes, the smaller cells as lymphocytes, and those of intermediate 
size as polymorphonuclear leukocytes. They are in approximately 
the same proportion as in the blood stream. The first cells to die in 
the cultures were the polymorphonuclear leukocytes. In a prepara- 
tion stained on the fourth day there is pyknosis of the nuclei and dis- 
integration of the cytoplasm of many and, in a culture stained on the 
sixth day, no granulocytes are seen. The lymphocytes remained 
alive for a much longer period of time and could be readily identified 
in the living cultures. They moved about actively in the medium in 
the same'manner as those in the fresh blood of guinea pigs, described 
by Opie in 1904. The l3mphocytes gradually decreased in number 
and were last seen actively moving on the twenty-second day. Dur- 
ing the entire period of their existence in vitro they maintained their 
original size, and their structure, in preparations stained with silver 
carbonate, is that of normal lymphocytes. During the course of in- 
cubation the monocytes proliferated by mitotic division, gradually 
became larger and, toward the end of the first week, assumed the 
characteristics of the large ameboid cells in the cultures of animal 
blood and tissues described above. 

During the second week of incubation the large ameboid cells of 
human blood, in preparations stained with silver carbonate, resemble 
microglia cells (Figs. 12, 20, 21 and 22). The predominant forms are 
rod-shaped (Figs. 20 and 22) and very similar to the rod-shaped forms 
of microglia, which are so numerous in the brains of humans with 
paresis (Fig. 19.) Fat droplets and nuclear debris slowly accumu- 
lated in the cytoplasm of the large ameboid cells, their processes be- 
came swollen and shorter and the cells gradually became round 
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(Fig. 23) and indistinguishable from ‘‘compound granular corpus- 
cles.” After the third week the majority of the large ameboid cells 
assumed epithelioid forms identical with those in the cultures of 
animal blood and tissues described above. 

The hving large ameboid cells of human blood exhibited all of the 
attributes of those of chicken blood. They engulfed carbon parti- 
cles, which appeared in many of the epithehoid forms as a rosette 
(Fig. 26) . They adhered to the coverslips and to extraneous fibers in 
the plasma dots and were last seen ahve 6 weeks after incubation. 
Neutral red was stored in the same manner. In the forms with 
processes and in the majority of the round forms the dye was scat- 
tered throughout the C3doplasm, but in about one-fifth of the round 
forms it appeared as a distinct rosette. In the epithelioid forms it 
was confined to the central cytoplasmic area, where it appeared as a 
drcular patch of red granules or, in an occasional cell, as a rosette. 

In the cultures of human leukocytes it was possible to observe the 
gradual transformation of the monocytes into large ameboid cells 
and to identify the polymorphonuclear leukocytes and l3mipho- 
cytes, which maintained their original size and morphological char- 
acteristics until they died. In the cultures of chicken blood, how- 
ever, the large ameboid cells appeared about the explants very soon 
after incubation and their origin was not observed. The granu- 
locytes maintained their original size and morphological character- 
istics until they died. Since no normal monocytes were seen in the 
cultures, it is evident that they transformed into large ameboid 
cells. The fate of the lymphocytes of the chicken could not be de- 
termined because of the uncertainty of distinguishing them in 
stained cultures from the free nuclei of erythrocytes. 

Discussion 

(i) The following observations support the assumption that the 
large ameboid cells in the cultures of tissues migrated out of the tis- 
sues and only a very small number, if any, arose from the blood in 
the vessels of the explants: (a) After the removal of visible blood 
vessels the fragments of tissue used for cultivation were washed in 
Tyrode solution to remove as much blood as possible, (b) In stained 
sections of the unwashed organs used for incubation there are few, 
if any, blood cells other than erythrocytes in the capillaries, (c) If the 
large ameboid cells were transformed monocytes derived from the 
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blood in the vessels of the explants, polymorphonuclear leukocytes 
and lymphocytes should have appeared in the cultures of tissues, as 
they did in all of the cultures of blood, but neither granulocytes nor 
lymphocytes were seen in the cultures of brain. A considerable num- 
ber of granulocytes appeared in the liver cultures, but in stained 
preparations no lymphocytes can be identified among them. The 
presence of extravascular foci of myelocytes in various stages of 
maturation seen in the stained sections of the liver of chicken and 
guinea pig embryos explains the appearance of polymorphonuclear 
leukocytes in the liver cultures. 

(2) It is often stated that fibroblasts may transform into macro- 
phages and macrophages into fibroblasts.®^ In none of our cultures 
was there any evidence of this transformation. It is very conunon in 
cultures of tissues to see large ameboid cells and fibroblasts side by 
side, as illustrated in Figure 61 (Fischer and in Figure 8 of this 
paper, but in our cultures it has always been possible, both in the 
living preparations and in those stained with silver carbonate, to 
distinguish between these two t3^es of cells throughout their exist- 
ence in vitro. Fibroblasts were never seen in our cultures of blood. 
Some of the rod-shaped cells in the cultures of human blood some- 
what resembled isolated fibroblasts (Figs. 12 and 20), but the con- 
stant projection of pseudopods from any portion of their cytoplasm, 
their ability to phagocytize carbon particles and to store large 
amounts of neutral red served to identify them. 

(3) Von Santha and Juba demonstrated that the microglia first 
appear in the nervous system near the first vascular channels at a 
very early period of embryonic development and maintained that 
microglia cells are transformed “blood elements” that have mi- 
grated into the nervous tissue from the lumen of blood vessels. Our 
observation that monocytes in a semisolid medium transformed into 
cells indistinguishable from microglia suggests that monocytes are 
the “blood elements” that transform into microgha cells. 

Summary 

In fixed tissues stained with silver carbonate the histiocytes in the 
liver of a chicken embryo and in the peritoneal membrane of a 
chicken and of a rabbit are morphologically identical with the micro- 
glia in the brains of chicken and guinea pig embryos. 

In cultures of tissues the large ameboid cells of the brains and 
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livers of chicken and guinea pig embryos and of a kidney of a chicken 
embryo exhibited the same morphological and functional properties. 
During an early period of incubation they had cytoplasmic processes 
and nuclei Nt3^ical of microglia cells. Fat droplets accumulated in 
their cytoplasm and the cells became round. During the latter 
period of their life in vitro they transformed into epithelioid cells. 
They engulfed carbon particles, stored large amounts of neutral red 
and survived in the cultures for approximately the same length of 
time. 

In cultures of chicken and of human blood the monocytes trans- 
formed into large ameboid cells that exhibited all of the morpho- 
logical and functional properties of the large ameboid cells in the 
cultures of tissues. Neutral red rosettes were more frequently ob- 
served in the large ameboid cells of the blood than in those of the 
tissues. 

Conclusions 

Microglia and histiocytes are morphologically and functionally 
identical and constitute a single cell type. Monocytes may trans- 
form into cells indistinguishable from this type. 
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DESCRIPTION OF PLATES 


Plate ii8 

Fig. I. A microglia cell near a capillary in the brain of a chicken embryo 13 
days old. Silver carbonate stain. X 550. 

Fig. 2. A microglia cell in the brain of a guinea pig embryo weighing 29 gm. 
Silver carbonate stain, x 1500. 

Fig. 3. A microglia-hke cell in the liver of a chicken embryo 15 days old. Silver 
carbonate stain, x 1500. 

Fig. 4. A microglia-like cell near a sinusoid in the liver of a chicken embryo 
IS days old. Silver carbonate stain. Camera lucida drawing, x 2000. 

Fig. 5. A central vein and radiating sinusoids in the liver of a chicken embryo 
IS days old. Silver carbonate stain, x iso. 

Fig. 6. A microglia-like cell (Kupffer cell) and numerous red blood corpuscles 
in one of the sinusoids included in the square outlined in Fig. S- Endothelial 
cells line the central vein and the sinusoids. Silver carbonate stain. Camera 
lucida drawing, x 860. 
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Plate 119 

Fig. 7. Large ameboid cells with processes near the explant in a 3 day old cul- 
ture of the brain of a chicken embryo 18 days old. Silver carbonate stain. 
X 100. 

Fig. 8. Large ameboid cells with processes and fibroblasts near the explant in a 
4 day old culture of the liver of a guinea pig embryo weighing 76 gm. Silver 
carbonate stain, x 100. 

Fig. 9. Epithelioid cells containing fat vacuoles in a 3 day old culture of the 
brain of a chicken embryo 18 days old. Silver carbonate stain, x 600. 

Fig. 10. Camera lucida drawings of a single large ameboid cell containing car- 
bon particles in a living culture of the liver of a guinea pig embryo weighing 
76 gm. X 860. 

Fig. II. Large ameboid cells with processes in a 4 day old culture of the buffy 
coat of the blood of a mature chicken. Silver carbonate stain, x 100. 

Fig. 12, Large ameboid cells with processes near the explant in a 7 day old 
culture of the buffy coat of the blood of a young human adult. Silver car- 
bonate stain. X 100. 
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Plate 120 


Camera lucida drawings of stained cells, at a magnification of 860. 

Figs. 13 and 14. Large ameboid cells with processes in a 3 day old culture of 
the brain of a chicken embryo 18 days old. Silver carbonate stain. 

Figs. 15 and 16. Large ameboid cells with processes in cultures of the liver of a 
chicken embryo 16 days old. Fig. 15 is from a 4 day old culture; Fig. 16 is 
from a 6 day old culture. Silver carbonate stain. 

Figs. 17 and 18. Large ameboid cells with processes in cultures of the buffy 
coat of the blood of a young chicken. Fig. 17 is from a 2 day old culture; 
Fig. 18 is from a i day old culture. Silver carbonate stain. 

Fig. 19. A rod-shaped microglia cell in a section of the brain of a human with 
paresis, stained with silver carbonate by Dr. Lewis Stevenson in the labora- 
tory of del Rio-Hortega, Madrid. 

Figs. 20, 21, 22. Large ameboid cells with processes in a 7 day old culture 
of the buffy coat of the blood of a young human adult. Silver carbonate 
stain. 

Fig. 23. A large ameboid cell containing many fat droplets in a 14 day old cul- 
ture of the buffy coat of the blood of a young human adult, illustrating the 
transition between forms with processes and round forms. Silver carbonate 
and Sudan III stains. 

Fig. 24. A large, round ameboid cell filled with fat droplets and exhibiting a 
mitotic figure in a 6 day old culture of the brain of a chicken embryo 13 days 
old. Silver carbonate and Sudan III stains. 

Fig. 25. An epithelioid cell containing a rosette of carbon particles in a 10 day 
old culture of the brain of a chicken embryo 16 days old. Paracarmine 
stain. 

Fig. 26. An epithelioid cell containing a rosette of carbon particles in a 24 day 
old culture of the buffy coat of the blood of a young human adult. Para- 
carmine stain. 
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THE CUTANEOUS GLOMUS AND ITS TUMORS—GLOMANGIOMAS * 

Orvili-e T. Bailey, M.D. 

{From the Department of Pathology of the Earsari Medical School, and the Laboratories 
of Pathology of the Childreids Hospital and the Peter Befit Brigham Hospital, 

Boston, Mass.) 

For centuries group of small subcutaneous tumors was recog- 
nized as the exciting point for severe and often radiating pain. In 
more recent times these tumors were called ''angiosarcoma” in the 
German literature and "subcutaneous painful tubercle” in various 
English papers. In 1920, however, Barre clearly defined their clin- 
ical manifestations and demonstrated that local excision of the tumor 
gives complete relief from all symptoms. It remained for Masson to 
establish the specific histological characteristics of these tumors and 
to prove their derivation from specialized arteriovenous anastomoses 
in the stratum reticulare of the cutis. This type of anastomosis is 
called the cutaneous glomus because of a close analogy to the glomus 
coccygeum. With their histogenesis established, various names have 
been given to the Wmors. These include glomus tumor, tumeur du 
glomus neuromyo-art6riel, and angiomyoneuroma. Many of these 
terms are cumbersome. None denotes the fact that the tumors repre- 
sent an overgrowth of a specific type of arteriovenous anastomosis 
Jind form a subdivision of the group of angiomas. If the name were 
to call attention to this fact, the prognosis and surgical approach, as 
Well as the histogenesis, would be indicated at once. Despite the al- 
ready too numerous terms applied to the lesion, it seems worth while 
to suggest glomangioma to apply to tumors arising from the cutane- 
ous glomus. 

_ Gu account of the organoid character of glomangiomas, a descrip- 
tion of the normal histology of the glomus will be given and the fate 
of its various parts will be followed in the tumors. 

The Normal Cutaneous Guoirus 

A specialized arteriovenous anastomosis, now called the cutaneous 
glomus, was described first by Hoj^er,' but its histological structure 
was made clear by Sucquet.^^ More recentb^ important contribu- 
Rcccived for publication May 22, 1935. 
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tions have been made to the knowledge of the normal glomus by 
Masson and Popoffd^ 

The glomus is distributed widely but unequally over the cutane- 
ous surface of the body and is by far most frequently encountered on 
the extremities. It is found most abundantly in the region of the nail 
bed and at the tips of the digits, while it is present in large numbers 
on the pahnar surface of the first, second and third phalanges of the 
upper and lower extremities. These anastomoses are demonstrable 
also on the thenar and hypothenar eminences of the hand and on the 
sole of the foot near the heel.^^*^^’^^ In smaller numbers they are 
found on the cutaneous surfaces of the upper and lower extremities 
and in the corpora cavernosa penis and corpus cavernosum urethrae.^ 
By a study of serial sections Popoff found in the great toe of a 
patient 20 years of age 18 of these arteriovenous anastomoses on the 
ventral surface, 10 on the lateral surfaces, 24 in the nail bed and 12 in 
the nail matrix. Grant and Bland ^ stated that the glomus is much 
more abundant since they found 593 in the nail bed of the second toe 
and 296 in the toe pad. They, however, did not use serial sections, 
which may explain the discrepancy in part. It seems likely that 
there is considerable anatomical variation in the distribution of the 
glomus. The diameter of the glomus depends upon its location, those 
of the pad of the toe measuring 120-220 microns and those of the 
nail bed 60-150 microns.^^ The glomus undergoes considerable alter- 
ation with age. It is formed imperfectly at birth and reaches its 
maximum development only in young adulthood. It atrophies in 
old age even in those individuals in which it escapes arteriosclerotic 
changes.^’ 

The cutaneous glomus occupies a spedfic zone of the cutis — the 
stratum reticulare. Its afferent artery arises from arterial branches in 
the subcutaneous tissue which pursue a course parallel to the surface 
of the skin. These continue upward and divide into two branches in 
the stratum reticulare. The larger branch bends at a right angle and 
continues parallel to the skin while the smaller branch divides again. 
Some of the divisions of the smaller branch contribute to the forma- 
tion of arteriovenous anastomoses, while others go to the papillary 
bodies and the artery itself ends as the artery of the papillary body. 
The arterial branches constitute the essential parts of the glomus and 
have been called the Sucquet-Hoyer canals.^® The canals pursue an 
S-like course and have narrow, irregular lumens. A single afferent 
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glomic arter)'' forms one to four separate Sucquet-Hoyer canals. 
^Vhen multiple they are situated in contiguity, grouped together by 
fibrous tissue whicli, without forming a capsule, isolates them by ori- 
entation of the collagenous bundles.^^ The endothelial cells are 
rather large and have oval nuclei. They are placed in two or three 
rows without an underl3dng elastic lamina. In the afferent artery at 
the beginning of the Sucquet-Hoyer canal there are cushion-hke 
endotheliomuscular elevations which, according to Popoff,^^ serve to 
direct blood flow. The endothelium is surrounded by a rather thick 
muscular coat in wliich indistinct inner longitudinal and outer cir- 
cular layers have been described,^^’^^ though Popoff was unable to 
confirm this finding. Among the muscle cells are large cells with 
clear or vacuolar cytoplasm wliich does not contain stainable glyco- 
gen, fat or mucin. Their histogenesis is a fundamental problem in an 
understanding of the glomus since they, more than any other single 
structure, are peculiar to these anastomoses. These have been called 
epithelioid ’’ cells. They may be called glomus cells because they are 
found only in the cutaneous glomus, the glomus coccygeum and 
their homologues. The name “epithelioid” has been carried on from 
the time when these structures were thought to be endocrine in 
nature and should be abandoned. These cells have been described 
as postembryonal angioblasts,® as modified smooth muscle cells, 
and as specialized neuromuscular cells.^^’^^ Their nature, as seen in 
tumors arising from the glomus, will be treated in the second section 
of this paper. The glomus cells are in intimate association with a 
rich network of non-myelinated nerve fibrils which may be demon- 
strated either by various silver methods or by Masson’s trichrome 
stain.li> 12 These can be followed to the larger periglomic nerve 
trunks. Along the course of the non-myelinated nerves the round 
and rod-like nuclei of Schwann’s sheath are found. These are en- 
countered more frequently as the larger nerve trunks are approached. 
At the point at which the Sucquet-Hoyer canal begins, there is a dis- 
tinct collagenous ruffle containing an elastic lamina under the endo- 
thehum.i 2 The remainder of the glomus is lacking in elastic tissue, 
the elastic lamina being resumed at once in the vein of termination 
of the Sucquet-Hoyer canal. In the meshes of coarse collagenous 
tissue which surround the glomus there are small arterioles which, 
arising proximal to the Sucquet-Hoyer canal, supply the clear neuro- 
reticular zone around the canal and the nerve trunks of the peri- 
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glomic zone. These preglomic arterioles do not conuniinicate with 
the lumen of the Sucquet-Hoyer canal. The arterioles have thin 
walls with few muscular cells and no neuroreticular elements.^^ The 
primary collecting veins are supplied with elastic tissue but present 
few muscle cells. The collecting veins of the stratum reticulare 
and stratum subcutaneum are provided with valves, according to 
Popoff.^® The primary collecting veins open into the subpapillary 
veins and through the latter into deeper veins. 

A number of structures have been described which are homologous 
with the cutaneous glomus. The most important of these is the 
glomus coccygeum. This structure in the sacral region has been 
shown by von Schumacher to result from a transformation in an 
arteriole issuing from the midportion of the sacrum. The cells of the 
arteriolar walls become larger, clearer, and take on an “epithelioid'' 
appearance. They are in every respect identical with the glomus 
cells of the cutaneous arteriovenous anastomoses. While the glomus 
coccygeum appears in young embryos (145-1 70 mm.) the cutaneous 
glomus is absent from the fetus and even prernature infants.^^ The 
cutaneous glomus is also homologous with the organ of Ruffini “ and 
the caudal glomeruli of animals.^® 

The cutaneous glomus is distributed widely among mammals in 
much the same regions as in man. Hoyer described its presence in 
rabbits, cats and dogs, and its absence in guinea pigs. Grosser 
pointed out its presence in mice and its absence in reptiles. The 
glomus is developed to a high degree in birds.^ It is of particular sig- 
nificance that the glomus has not been described in cold blooded ani- 
mals and that it is so prominent in birds, whose body temperature in 
general is above that of mammals. 

The function of the glomus was understood very imperfectly until 
the work of Lewis and Pickering,^® and Grant and Bland,®’ ^ demon- 
strated its importance in temperature regulation. They showed that 
the glomus serves for the maintenance of the temperature of exposed 
parts and the regulation of loss of heat. By direct observation of the 
rabbit’s ear, they found it difficult to see any anastomoses when a 
rabbit is kept warm. The anastomoses dilate readily on gentle me- 
chanical stimulation. Even slight stimulation of an area with a 
rounded glass rod causes local dilatation of vessels and of the anas- 
tomoses arising from them. The anastomoses dilate when the nearby 
sldn is pricked. Acetylcholine and adrenalin cause local dilatation of 
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the arteriovenous anastomoses which is independent of the nervous 
system. Histamine acts in the same manner as mechanical stimula- 
tion. The anastomoses react to nervous stimuli and with weak cur- 
rents may do so independently of the afferent artery. On contact 
they dilate vigorously and quickly. To thermal stimuli the reaction 
is also striking. The ear may be raised to 35 or 40 degrees C. before 
any great dilatation occurs. However, when the surrounding tem- 
perature is lowered below a somewhat variable point (usually about 
15 degrees C.), the anastomoses open although other vessels are at 
first constricted. If the cooling is slight or brief only the anastomoses 
open. When the animal is warmed again the anastomoses return to 
normal before the vessels. Grant ^ stated that it is mainly through 
the agency of the glomus that the temperature of the rabbit’s ear is 
maintained when it is exposed to cold. He concluded also that the 
glomus is an important factor in regulating body temperature of the 
rabbit, aiding the dispersal of heat by allowing an enormous blood 
flow through the ear. 

Lewis and Pickering showed that in raising the temperature of 
the room in which the subject is sitting, vasodilatation is produced 
in the limb in part by a direct effect of temperature on the vessels, 
and in part by an effect through the central nervous system. The 
tips of the fingers are usually coldest when the body as a whole is 
cold, but this warms most rapidly because of the opening of the 
arteriovenous anastomoses, which are most numerous in the nail bed 
and finger tips. The blueness of the nail beds in persons exposed to 
temperatures slightly below those to which they are accustomed is a 
common observation. In addition, Clara ^ believed those in the penis 
are associated with the mechanism of erection of that organ. 

It is also possible that the cutaneous glomus acts as a shunt in the 
maintenance of blood pressure. By increasing the passage of blood 
through the anastomoses the cutaneous capillary bed would be de- 
creased. However, neither Popoff’s anatomical studies nor the 
physiological observations mentioned above prove this point. 

In the present study the pad of the great toe was examined in a 
comparatively small number of individuals in sections both perpen- 
dicular to and parallel with the surface. These were stained with 
Mallory’s phosphotungstic acid hematoxylin or occasionally with 
hematoxylin-eosin. The arteriovenous anastomoses corresponded in 
general to the descriptions of Masson and Popoff.^^ No constant 
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association of the glomus with such cutaneous structures as seba- 
ceous glands, hair follicles or tactile corpuscles was noted. However, 
medium sized nerve trunks were found in the periglomic zone adja- 
cent to the outer layers of glomus cells in nearly all cases. Valves 
were seen in a few veins of the stratum reticulare in the sections, con- 
firming the observation of Popoff.^^ 

The patholo^cal changes of the glomus in inflammation, arterio- 
sclerotic gangrene, diabetic gangrene, thrombo-angitis obliterans 
and supernumerary digits were studied by Popoff,^^ and those in 
syringomyelia and old age by Masson 

Gloiiangiomas 

In 1924 Masson showed for the first time that certain small cu- 
taneous tumors represent organoid overgrowths of the cutaneous 
glomus. In the course of the ii following years, various patholo- 
gists confirmed Masson’s findings, so that 58 instances of glomus 
tumor were recorded in the literature. These were obtained from 
56 patients, Adair describing a patient presenting 3 glomus tumors 
of the forearm. The present material consisted of seven lesions, 
bringing the total number of glomus tumors recorded as such to 65. 
However, it is possible to find in the earher literature many descrip- 
tions of lesions associated with the syndrome now known to be 
caused by tumors of the cutaneous glomus. A group of such cases 
was collected by Chandelux^^ under the name of “subcutaneous 
painful tubercle.” He pointed out a relation to tactile corpuscles, 
the presence of numerous dilated blood vessels and the formation of 
a pseudo-erectile vascular bed. Greig reviewed the English liter- 
ature in this regard and found 20 cases, to which he added 3 of his 
own, described usually as “painful subcutaneous nodule” but prob- 
ably representing tumors of the glomus. Kolaczek in 1878 pre- 
sented a group of cases under the name of angiosarcoma. Some of 
these were subungual and produced the symptoms of glomus tumors. 
Nine years later, Kraske followed Kolaczek in describing a very 
painful subungual tumor of the left middle finger as an angiosar- 
coma. He pointed out that the lack of invasiveness and complete 
relief by local excision made classification of such tumors in the group 
of sarcomas somewhat doubtful. As late as 1927, Carstensen^^ de- 
scribed an “angiosarcoma” beneath the nail of the right ring finger. 
The symptoms and microscopic findings were very similar to those 
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of glomus tumors. These are only a few of the references to this type 
of lesion in the older literature. Because of the lack of complete 
clinical and histological data in many cases of this t)qDe, evaluation 
of them is difficult and serves no useful purpose. This group empha- 
sizes, however, that the condition is considerably more common 
than was supposed. 

The material upon which the present study was based consisted of 
7 specimens, all of which were removed surgically. Blocks from each 
were fixed promptly in Zenker’s fluid. Additional blocks of the 
tumors in Cases 2, 3 and 7 (Table I) were also fixed in 10 per cent 
neutral formalin. The material in Zenker’s fluid had been used for 
routine studies but all available fragments were embedded in paraf- 
fin and cut in serial sections. Ribbons of three to five sections were 
placed on slides and stained successively with hematoxylin-eosin, 
eosin-methylene blue, Mallory’s phosphotungstic acid hemato^lin, 
Foot’s modification of Hortega’s silver carbonate method for reticu- 
lum, Mallory’s aniline blue-acid fuchsin-orange G connective tissue 
stain, Weigert’s resorcin-fuchsin elastic tissue stain, and Van 
Gieson’s hematoxyHn- picric acid- acid fuchsin. The formalin-fixed 
material was embedded in ceUoidin and stained by Cajal’s reduced 
silver method for nerve fibers and Bielschowsky’s method for pe- 
ripheral nerve fibers. 

The gross appearance of glomus tumors is rather characteristic. 
They are always small, those in this series being i cm. or less in di- 
ameter, while the largest described in the literature is less than 3 cm. 
in diameter. The tumors vary in color from deep red through shades 
of purple to blue, the last color being perhaps the most common. The 
surface is covered by a layer of skin or nail without ulceration or 
erosion, at least in the 7 instances in the present series. Sharp de- 
marcation from the surrounding tissues is present. The cut surface 
exudes blood as it is exposed and presents a grayish tint when the 
blood has been released. Occasionally, as in Case i, there is a large 
vessel near the tumor and connected with it. 

Upon histological examination, the tumor is found to be composed 
of contorted vessels with certain peculiarities of their walls which are. 
seen under normal conditions only in the cutaneous glomus and its 
homologues. Despite considerable variation from case to case and 
even in the same tumor, as followed in serial sections, vessels can be 
found which resemble very closely the Sucquet-Hoyer canals of the 
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normal glomus. As described by Masson, and Barre and Masson, 
the vessels of glomus tumors are of two types. In the first of these 
there are one or two layers of smooth muscle in circular arrangement 
which are separated from the endothelium by a collagenous mem- 
brane. These smooth muscle cells are surrounded in a circular man- 
ner by shorter, larger cells with clear or pale staining cytoplasm and 
a compact globular nucleus. These blend with polygonal glomus 
(“epithehoid”) cells. The second type of vessel presents endothe- 
lium bordered by glomus cells without the interposition of smooth 
muscle fibers. These vessels correspond more nearly to those of the 
normal Sucquet-Hoyer canal than the previous ones. In the 7 cases 
of the present series vessels of both types were found in aU the 
tumors, though the relative proportions varied considerably from 
tumor to tumor and from section to section. Cases i, 4 and 7 for 
example, presented only very few vessels of the first type and they 
nught have been missed hkd the tumor not been examined in serial 
sections. Some carefully studied cases, however, are composed ap- 
parently of but one type of vessel. Mason and Well stated that aU 
the vessels in their tumor were of the second type. As described by 
Masson and as followed in the present material, vessels of the first 
type are directly continuous with those of the second. 

The vessels of glomangiomas usually lack any semblance of elastic 
laminae. Occasionally, vessels within a glomangioma show well de- 
fined elastic layers. These, however, have only smooth muscle cells 
of the usual type in their walls and do not assume the characteristics 
of glomic vessels. They may, therefore, be regarded as vessels 
included in the growth of the tumor or as the preglomic arterioles 
supplying the glomus from which it arose. The absence of elastic 
laminae furnishes additional evidence for the derivation of gloman- 
pomas from the Sucquet-Hoyer canals because these canals are Jack- 
ing in elastic tissue while the preglomic arterioles and postglomic 
venules are provided with it. 

Since none of the glomangiomas in this series showed ulceration, 
infiltration with any considerable number of inflammatory cells was 
not encountered. From place to place, basophilic leukocytes were 
found in rare instances while a few hemosiderin-laden phagocytes 
were seen occasionally. 

About these tumors there are dense coUagen fibers, blending with 
those of the surrounding connective tissue. Usually they resemble 
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fibers pushed aside in the centrifugal growth of the tumor rather 
than those of a true capsule. They represent an increase in amount 
of connective tissue over that seen about the cutaneous glomus 
normally and the layer is wider only because of the greater size of 
the contained structure. This is a further demonstration of the lack 
of tissue destruction caused by glomangiomas. 

There is a type of cell which is peculiar to the cutaneous glomus, 
its homologues and glomangiomas. For this reason, as discussed 
previously, it should be called the “glomus^’ cell and not the ^'epi- 
thelioid” cell. Such cells are round or polygonal in shape. The cyto- 
plasm is clear or pale staining but does not contain glycogen, fat or 
mucin. In the most carefully preserved Zenker-fixed material in the 
tumors of this series the cytoplasm takes a faint, homogeneous acid 
stain. There are no external or internal myofibrils. A few of the 
cells contain small granules, present after both Zenker and formalin 
fixation and in sections embedded in celloidin and paraffin. They 
stain deeply with basic dyes and are brought out clearly as black dots 
in the Cajal reduced silver preparations. The cytoplasm is brownish 
after fixation in chrome salts. In outline and in nuclear details these 
cells correspond to those adjacent to them. The appearance may 
represent an early degenerative change. The nuclei of all cells con- 
tain a large amount of chromatin which is arranged in a finely gran- 
ular mat without the formation of a network. Mitoses are absent. 
These cells may be arranged in three ways. They may be closely 
packed together in the walls of vessels with single coarse collagen 
fibers intervening between adjacent cells. When arranged in this 
fashion there are groups of two or three nuclei at rare intervals which 
are separated by homogeneous cytoplasm without definite cell 
boundaries being demonstrable either with Mallory’s aniline blue 
connective tissue stain or with Foot’s modification of Hortega’s sil- 
ver carbonate method for reticulum. The cells also may be clumped 
in large masses without vascular lumens. In the third arrangement 
the cells are separated from one another by a homogeneous material 
whicli takes the same stains as collagen but somewhat lighter than 
the collagen fibers. In it the glomus cells are teased away from the 
larger masses. It is then that their outline is seen best and the deli- 
cate collagen fibers and nerve filaments are studied to particular ad- 
vantage. Because of its intimate association with the glomus cells, 
it probably represents material produced by their degeneration. 
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This material is not found in the normal glomus though it seems 
rather characteristic of glomangiomas. These different arrange- 
ments of glomus cells result in great variability of general appearance 
in glomangiomas. Solid masses of cells alternate with areas in which 
cells are few, and homogeneous intercellular material is abundant. 
In stiU other- portions, vascular lumens are so numerous and large 
that the tumors take on an appearance similar to that of the more 
common cavernous hemangioma. Yet even here close inspection 
shows that the cells making up the walls of the vessels are glomus 
cells and not the elongate smooth muscle cells of the hemangioma. 
In the cavernous portions of gloman^omas numerous nerve fibers 
are demonstrable with Mallory’s phosphotungstic acid hematox3'’lin 
stain. 


Among the glomus cells run large numbers of nerve trunks, mostly 
non-myehnated. At the periphery of the tumors the trunks are large 
and present a prominent Schwannian sheath. This is lost as the fila- 
ments ramify among the glomus cells, the nuclei becoming fewer the 
farther the nerve filament is followed from the periglomic trunks. 
The nerve fibers branch and terminate around glomus cells by the 
interposition of nerve endings. A nerve ending was illustrated by 
Mason and Weil.®^ In the very fresh and carefully fixed material of 
Case 7 Cajal’s reduced silver method shows that such nerve endings 
are more numerous. With the usual perversity of silver methods 
there are many areas in which no endings are seen but enough are 
impregnated to justify the statement that such is the method of 
termination. The nerve endings are composed of two or three mi- 
nute filaments spread out over the glomus cells. They frequently 
have small nodosities or bulbous enlargements along their course, 
especially at their extremities. Sections stained with aniline dyes 
show the same rich plexus of nerves but give no indication of the 
method of junction of nerve and glomus cell. Masson stated that 
there is a syncytial relation between the two, a finding not confirmed 
m this material. Studies with Mallory’s anihne blue connective tis- 
sue stain, Cajal’s reduced silver method, and Masson’s trichrome 
stain have given no support to the older views that the glomus cell is 
endocrine or angioblastic in nature.* 

By choice of fields for study from different tumors and at, differ- 
ent levels it is possible to follow the process of development of the 
various elements found in glomangiomas. The process of differ- 
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entiation is two-fold. Nearest a vascular lumen the cells are elongate; 
as one progresses centrifugaUy these become round in outline and lose 
their external and internal m^’^ofibrils. In areas without vascular 
lumens the elongate cells are at the center and the round ones at the 
periphery. The cytoplasm becomes homogeneous. The nuclei also 
become rounded and the chromatin arranged in a finely granular 
mat. At the same time the argyrophile reticulum investing the cells 
becomes coarser and is brought out intensely with anihne collagen 
stains. The second factor in differentiation is that of arrangement of 
the nerve fibers. Bundles of nerve fibers are gathered in large peri- 
glomic nerve trunks. These traverse the adjacent connective tissue 
and turn sharply to be incorporated in the tumors. Like the change 
in the smooth muscle cells, the nervous connections are established 
first at the periphery and development progresses toward the center. 

The process of formation of the atypical Sucquet-Hoyer canals of 
glomangiomas consists of these two processes which go on simultane- 
ously and which seem to be interdependent. In this way the two 
types of vessels described by Masson represent different stages 
of development of Sucquet-Hoyer canals. In the second type the 
process of differentiation has reached the lumen, while in the first 
type layers of elongate smooth muscle cells still remain. 

The glomangiomas may be considered an overgrowth of a specific 
arteriovenous anastomosis and the neurones terminating in it. They 
thus represent proliferation of mesodermal and ectodermal elements. 
Masson showed that pigmented nevi represent the proliferation of 
an entire end organ, in the dermis consisting of Meissner’s corpuscles 
and chromatophores, and in the epidermis of Merkel-Ranvier cor- 
puscles and chromatophores. A close analogy can be drawn, then, 
between glomangiomas and pigmented nevi. The comparison is 
exact only if one considers the chromatophores mesodermal. If sub- 
sequent investigations estabhsh their ectodermal derivation then the 
nevi represent proliferation of tissue derived from only one germ 
layer. 

The clinical syndrome produced by these tumors is as character- 
istic as their histological appearance. A summary of the clinical data 
of each case is given in Table I. The symptoms caused by each of the 
tumors were strikingly similar. Hence, the following case (Case i) 
is described in detail as representative of the entire group. 
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Report of Case 

Clinical History: A previously healthy barber, 48 years of age, was admitted 
to the hospital for removal of a painful tumor of the left upper arm. Twenty 
years before the patient sustained an injury to the outer side of the left upper 
arm at the deltoid insertion during a barroom scuffle. There was only slight im- 
mediate discomfort. However, for several weeks a spot could be noted at the 
site of the injury which, as time went on, changed color from red to greenish yel- 
low to blue. The soreness about the area never entirely went away and after 
several months the region again became acutely painful. During the entire in- 
terval of 20 years a slight touch on this bluish nodule ehcited locahzed sharp 
pain. If the patient did hard work with his left arm, particularly when the arm 
was held over his head, pain would be experienced about the anterior and pos- 
terior aspects of the shoulder, in the left pectoral region and on the left side of 
the neck. From the latter site it radiated toward the occiput. At such times the 
nodule became deeper blue and somewhat larger. He was able to sleep only if 
he placed his arm across his chest to prevent pressure on the nodule. For the 
two years preceding his admission he was unable to bathe his arm with any de- 
gree of energy. The patient found it necessary to protect his left upper arm 
■when in a crowd because of the severe pain caused by inadvertent pressure. He 
worried a great deal about the condition. There was a loss of weight of ii pounds 
in the 2 years. With the exception of the tumor, the general physical examina- 
tion, including the neurological findings and roentgenograms, were normal. The 
tunwr presented itself as a bluish area 3 mm. in diameter just above and anterior 
to the insertion of the left deltoid muscle. It showed little induration though the 
dectrifying pain caused by palpitation made the examination unsatisfactory. 
The bluish area was removed with the patient anesthetized by nitrous oxide- 
oxygen. The operation was followed by immediate and permanent relief of pain. 


The tumors are located usually upon the extremities, only 2 ex- 
sjnples ha'ving been encountered elsewhere (Table II). One of these 
occurred over the acromion; the other, Case 6 of this series, was 
found on the lateral chest wall. Twenty-one of the 65 examples tab- 
ulated were located in the nail bed, 20 of them on fingers, i on a toe. 
Tms IS a most unusual site for tumors, though Adair, Pack and 
Nicholson have pointed out several other types of tumors in that 
ocation. Most interesting of these is the melanoma, which shows 
great malignancy in this location, in contrast to the benignancy of 
glomangiomas. 


Tlie most characteristic clinical symptom of glomangiomas is pain, 
his may be spontaneous and intermittent or may arise only when 
he tumor is touched. The pain has a stabbing, burning character, 
escribed by one patient (Case 6) as that produced by a ‘'red hot 
pu 'er.” It may often be elicited by the slightest pressure, as of 
o^ing or of bedcovers. Patients develop curious habits associated 
''^th the protection of the tumors, such as carrying the hand in the 
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pocket to keep the trousers from touching a tumor on the thigh. A 
patient in this series (Case 6) for many years gave a history of awak- 
ing periodically from his sleep because of the pain. He would then 
get up and pace the floor, meanwhile holding his hand over the tumor 
so that his nightclothes did not touch it. The pain may also radiate 
over the extremity, shooting out from the tumor as a focal point. At 
times patients experience severe neuralgic pain but are entirely un- 

Table II 

Dislrihdion of Gloniangiomas 


Lower Extremities lo 

Thigh 9 

Region of knee 2 

Leg 3 

Foot 2 

Sole I 

Subungual i 

Location on extremity not given 2 

Upper Extremities 44 

Upper arm 4 

Forearm 10 

Hand 30 

Thenar eminence i 

Palmar surface of finger i 

Dorsal surface of finger i 

Palmar fascia i 

Subungual 20 

Location on hand not given 6 

Acromion i 

Chest Wall i 

Location not given i 


aware of the tumor as an inciting point until on careful physical ex- 
amination it is discovered (Case 7). 

The tumors may be associated with sympathetic disturbances of 
vasomotor character, such as a Claude Bernard-Horner syndrome, 
as in Barre’s early case. He stated in the discussion of his original 
paper that excision of the subungual tumor of the finger was fol- 
lowed in several days by the disappearance of the Claude Bernard- 
Horner syndrome. 

Several cases have been described in which pain was produced 
when the patient went from a warm room to the cold outdoors. One 
patient (Case 7) suffered more severely when the finger bearing the 
tumor became cold than when pressure was made upon the tumor. 
Sometimes the pain has been relieved by immersion of the finger m 
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hot water. One instance showed a measurable difference in cu- 
taneous temperature between the extremity bearing the glomus 
tumor and its fellow. Sympathetic disturbances originating in these 
tumors may have an unexpectedly wide distribution. The tumors 
may become more blue when painful than in the asymptomatic in- 
terval. 

Let us now consider the mechanism of production of pain. Mas- 
son believed it to be caused by pressure on adjacent pacinian 
corpuscles. This view has been generally accepted. Evidence can be 
gathered that the pain is associated with the dilatation of the glomic 
vessels. The increased blueness during paroxysms of pain is one 
point in favor of this view. At times, hard exercise with the extrem- 
ity bearing the tumor (Case i) causes pain, which might be explained 
by the increase in volume of blood passing through all vessels of the 
extremity. In consideration of the normal physiological reactions of 
the glomus it has been shown^®’^ that when the temperature of the ex- 
tremities is lowered, the glomic vessels are the first to dilate and may 
be the only ones to do so. Hence, cold would cause dilatation of the 
glomic tumor vessels. Those of the finger tips and distal phalanges 
are the first to respond, 1° which fact might be correlated with the 
presence of some of the most painful of the glomus tumors in the nail 
beds. Normal glomic vessels dilate in response to trifling tactile or 
chemical stimulation of the cutaneous surface in the experimental 
animal.^ The dilatation of the vessels of glomus tumors, then, is 
associated with the paroxysms of pain. Moreover, it has been shown 
that there are many nerve fibers which enter the vessel walls an 
terminate about the glomus cells with nerve endings closely appHe 
to their margins. The dilatation of the vessels would then set up irn 
pulses which would be carried to the large periglomic nerve trunks in 
the connective tissue surrounding the tumor. Further dissemination 
along these pathways might explain some of the more distant sym 
pathetic disturbances which are relieved by the removal of gloman 
giomas. In this respect the glomangiomas behave functionally as 
overgrowths of neurovascular end organs, corresponding to t eir 
histological characteristics as such. That this radiating type of pam 
is only an exaggeration of the normal is shown by its close resem 
blance to that caused by prolonged immersion of the hand in ice 
water. The sensation of pain is not limited to the part of the han 
in the water but extends to the elbow or even the shoulder in this 



930 


BAILEY 


normal reaction to a strong stimulus just as it does in patients with 
a glomangioma, but in the latter case a much weaker stimulus will 
elicit the response. 

The relation of a large number of glomangiomas to trauma is 
striking. In nearly half the cases some single severe injury is fol- 
lowed directly by the development of a glomus tumor. In Case i 
of this series a blow during a barroom scuffle was followed by a 
hematoma which gradually faded but never entirely disappeared, 
the bluish nodule slowly taking its place. Many similar in- 
stances are recorded as of a blow on the fingernail from the top 
of a desk or injury to the knee in a bicycle accident.®^ Numerous 
other types of trauma have been followed in the same manner by 
glomangiomas 

Since pain is a symptom which brings a tardy patient to the physi- 
cian, it might be expected that treatment would be sought promptly. 
As a matter of fact, quite the contrary is the case. Of those examples 
in the literature in which the length of time from the onset of symp- 
toms was stated (including the present series), the average duration 
was 14 years. In seeking an explanation we find that the symptoms 
increase slowly over many years. Perhaps the patients accustom 
themselves to the knife-like pains and pay little attention because of 
their familiarity. Purthermore, some patients do not recognize the 
tumor as a focal point for the pain, but believe that they suffer from 
“neuralgia” or similar malady. That such beliefs are not restricted 
to patients is shown by the fact that in one instance a periarterial 
sympathectomy was performed for the intractable pain with only 
temporary relief. Some patients, also (Cases 6 and 7 of this series 
and that of Prodanoff have been considered psychoneurotics and 
have been turned away without treatment until the tumor was recog- 
nized at a later date. 

Local surgical excision produces complete and immediate relief 
from symptoms. The only instance in which there was any residual 
pain was that of Lortat-Jacob and Brosse,^^ reported shortly after 
operation. Local anesthesia is usually used in removal of gloman- 
giomas. Interestingly enough a very large quantity may be re- 
quired if local infiltration is done. Nerve block is very satisfactory 
and anesthesia by this method is as easily obtained as in other lesions 
of the same areas. Irradiation is without avail.^^ 

Glomangiomas are entirely benign. No instance of recurrence has 
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been recorded. They are not invasive and are easily removed entire. 
This is of especial importance because extensive operations were 
often done when the nature of the lesion was not recognized, espe- 
cially when a diagnosis of angiosarcoma was made. The immediate 
and permanent relief from intractable pain of many years duration 
makes these patients among the most grateful in the practice of 
surgery. 

Summary 

The cutaneous glomus is an arteriovenous anastomosis in the 
stratum reticulare of the cutis, which is homologous with the glomus 
coccygeum and several less important vascular structures. These 
have in common a specialized glomus cell, which is a modified smooth 
muscle cell with abundant nervous connections. The cutaneous 
glomus has an important function as an arteriovenous shunt in main- 
taining the body temperature and perhaps the blood pressure. 

From the cutaneous glomus, tumors arise which form a subgroup 
of the hemangioma. The term glomangioma is suggested for them to 
indicate their derivation and character. 

Glomangiomas appear as small bluish nodules on the extremities 
or adjacent portions of the shoulder girdle. Very frequently they are 
located in the nail bed. Microscopically the tumors are composed of 
cells identical with those in the walls of the normal cutaneous glomus 
and its homologues. Nerve trunks are numerous in the connective 
tissue about the tumors and nerve filaments pass among the glomus 
cells in large numbers. Occasionally elongate smooth muscle cells 
are seen either in solid masses or adjacent to vascular lumens. 

The glomangiomas represent the overgrowth of the entire arterio- 
venous anastomosis and in doing so their cells show a two-fold dif- 
ferentiation. The elongate smooth muscle cells lose all myofibrils, 
while the reticulum investing them becomes mucli coarser and stains 
intensely with collagen stains. Secondly, the periglomic nerves grow 
into the tumors and their terminal filaments end about the differ- 
entiating smooth muscle cells vdth the interposition of ner\’e endings. 
These two processes result in the formation of the glomus cells and 
are apparent^ interdependent. 

The tumors are associated clinically vdth severe radiating pain of 
Neuralgic type. In character and distribution this has many similar- 
lUes to the response of the normal glomus to much greater stimuli of 
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the same character. Glomangiomas thus represent functionally as 
well as morphologically organoid overgrowths. 

Glomangiomas do not become malignant. Local excision gives 
complete and permanent relief from S3Tnptoms. 

Note; I wish to express my thanks to Dr. Monroe Schlesinger of 
the Beth Israel Hospital, Boston, Mass., for the material in Cases 2 
and 3. I am also indebted to Drs. Sutton and Klinck of the Albany 
Hospital, Albany, N. Y., for the pathological material of Case 5. 
They will publish a paper on the clinical aspects of that case sepa- 
rately. 
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Plate 121 

Fig. I. The normal cutaneous glomus. The specimen was obtained from the 
pad of the great toe of a man 36 years of age. The Sucquet-Hoyer canal has 
been cut longitudinally and is surrounded by a thick layer of glomus (“epi- 
thehoid”) cells. At the top, to the left of the Sucquet-Hoyer canal, there is 
a periglomic nerve trunk. Dense connective tissue fibers surround the 
glomus. Mallory’s phospho tungstic acid hematoxylin stain, x 215. 

Fig. 2. Drawing of a subungual glomangioma (Case 7). There is no elevation 
or erosion of the nail. The tumor, while sharply demarcated from the sur- 
rounding tissues, is somewhat irregular in outline. 

Fig. 3. The general appearance of a glomangioma at low magnification (Case 6). 
There are many irregular vascular lumens surrounded by glomus cells. Ad- 
jacent vessels are separated from one another by homogeneous material. 
The margin of the tumor is very sharply defined. Mallory’s phosphotung- 
stic acid hematoxylin stain, x 160. 









Plate 122 


Fig. 4. Section through an entire subungual glomangioma (Case 7). The uni- 
form contour of the overlying nail bed is seen at the top. The sharp demar- 
cation of the tumor from the subcutaneous tissues is also shown. Mallory’s 
phosphotungstic acid hematoxylin stain, x 12 (slightly reduced). 

Fig. 5. The vessels of a glomangioma (Case 5). The endothelium is surrounded 
by glomus cells. Some of these are separated by the homogeneous material 
and lie embedded in it. Hematoxylin and eosin stain, x 200. 
















Plate 123 

Fig. 6. Large nerve trunks within a glomangioma (Case 5) . Mallory’s phospho- 
tungstic acid hematoxylin stain, x 200. 

Fig. 7. The entrance of a nerve trunk to a glomangioma (Case 7). A large peri- 
glomic nerve trunk bends abruptly and becomes incorporated in the tumor. 
Hematoxylin and eosin stain, x 175. 
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Plate 124 

Fig. 8. A mass of glomus ceils with occasional vascular lumens (Case 6). The 
nuclei show uniformly arranged chromatin. The cytoplasm is homogeneous 
and surrounded by a prominent limiting membrane. Mallory’s phospho- 
tungstic acid hematoxylin stain, x 720. 

Fig. 9. Camera lucida drawing of a nerve trunk and glomus cells (Case 7). A 
large nerve trunk with Schwannian sheath is shown at the top of the illus- 
tration. Its fibers extend among the glomus cells. A few glomus cells show 
nerve endings. Several contain cytoplasmic granules stained by the silver. 
The vascular lumen is lined by a single la3'er of flattened endothelial cells. 
Cajal’s reduced silver method, x 1200. 
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CORNEAL REACTIONS OF NORMAL AND OF TUBERCULOUS 
GUINEA PIGS TO TUBERCULO-PROTEIN AND 
TUBERCULO-PHOSPHATIDE * 

Sion W. Holley, Ph.D. 

{From the Department of Pathology, University of Chicago, Chicago, III.) 

Tissue reactions to the more purified components of the tubercle 
bacillus indicate that the protein fraction is responsible in a large 
measure for the acute exudative reaction, including much of the 
cellular response to the organism, and that the lipoids, particularly 
the phosphatide, stimulate the more chronic response and particu- 
larly the development of epithelioid cells and the lesions character- 
istic of tuberculosis. 

Following intraperitoneal injections of adequate amounts of 
tuberculo-protein in normal rabbits, Doan, Sabin and Forkner ^ and 
Miller ^ observed an outpouring of leukocytes, clasmatocytes, plasma 
cells and l3nnphocytes in the omentum. A similar cellular response 
was found in the meninges of normal and of tuberculous rabbits by 
Bickford.^ In some of the omentums studied by Miller plasma cells 
predominated. In general, they were noted by all of the above inves- 
tigators as a prominent feature of the reactions. Epithelioid cells were 
never present in significant numbers. After intratracheal injections 
of tuberculo-protein Larson and Long ^ observed an exudation of 
polymorphonuclear and mononuclear leukocytes into the pulmonary 
alveoli of both normal and tuberculous guinea pigs, the more marked 
reaction occurring in the latter group. Seibert •’ noted a shght leuko- 
cytic response in the skin of normal guinea pigs following an injec- 
tion of purified tuberculo-protein. In tuberculous animals and in 
those sensitized by tuberculo-|)rotein the cellular reaction was 
marked even to very small amounts of the material; it consisted of 
many polymorphonuclear neutrophiles, large numbers of eosino- 
philes and mononuclears. Another striking change, as Long ^ had 
pointed out previously, was the marked swelling and subsequent 
degeneration of the connective tissue fibers. In the testes of tuber- 
culous and tuberculo-protein sensitized guinea pigs Seibert found an 
mterstitial edema and infiltration by numerous mononuclear exudate 

* Received for publication June 26, 1935. 
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cells in response to the protein. In many instances there were poly- 
morphonuclears and eosinophiles also. Some testes showed marked 
degeneration of the germinal cells. Similar changes had been noted 
by Long ^ after injecting Old TubercuHn into testes of tuberculous 
guinea pigs. In the later stage of the reaction these organs became 
atrophic and were infiltrated with large mononuclears. Old Tuber- 
culin was without effect on testes of normal animals. The protein 
used by Seibert caused a slight leukocytic infiltration in the testes of 
some normal animals and none in others. 

These results have shown that though relatively inert in normal 
tissues in small amounts, tuberculo-protein in sufficient quantity is 
capable of stimulating a cellular response somewhat similar to that 
to the same material in tuberculous animals, except in degree. In the 
allergic tissues is the added factor of tissue degeneration in many 
cases. 

The biolo^cal testing of the various hpoids isolated from the 
tubercle bacillus has shown that the phosphatide fraction stimulates 
the most specific cellular reaction. Sabin ® has given a comprehen- 
sive review of the literature concerning the activity of the tubercle 
bacillus lipoids in animal tissues and has summarized the extensive 
experiments performed by herself and her co-workers with these sub- 
stances. It was found that repeated injections of the phosphatide 
into the peritoneal cavities of normal rabbits resulted in the produc- 
tion of masses of epithelioid cells, some of which were arranged to 
form t3q)ical tubercles. Giant cells and caseation were also observed. 
Injected into the subarachnoid space of normal and of tuberculous 
rabbits, phosphatide from bovine tubercle bacilli caused a slow pro- 
duction of epithehoid ceUs.^ On the other hand, Boissevain ® found 
evidence that tuberculo-phosphatide, if highly purified, did not bring 
about development of epithelioid cells or tuberculous-like tissue. 
Such were present when a water-insoluble protein of the tubercle 
bacillus was used, however. Smithburn and Sabin found no tuber- 
culous-like tissue after injecting water-insoluble protein derived from 
tubercle bacilli. Intracutaneously, a rather persistent nodule with- 
out any likeness to a tuberculin reaction was produced by tuberculo- 
phosphatide at the site of injection in tuberculous animals.^® 

Since no parallel studies had been made of the action of small 
amounts of tuberculo-protein and tuberculo-phosphatide in normal 
and allergic animals, these were undertaken. Because of its access 
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for continuous observ'-ation grossly, and since its avascular structure 
offered a favorable site for tracing infla mm atory cells, the cornea was 
chosen as the tissue in which to study the reactions to the above ma- 
terials. Guinea pigs were used. The protein and phosphatide em- 
ployed were prepared from a human strain of the tubercle bacillus. 

Materials 

The protein was the purified TPT prepared by Dr. Florence B. 
Seibert from tubercle baciUi of the H37 strain by the ultrafiltration 
and trichloracetic acid method.^^ The phosphatide, A3-a, was also 
prepared by Dr. Seibert according to the method of Anderson from 
an alcohol and ether extract of strain 119 tubercle bacilli, which was 
in fact a strain of H37 from another laboratory. Additional filtra- 
tions through Seitz filters were employed for removing remaining 
baciUary debris. There were no acid-fast particles in the final prod- 
uct, which easily made a permanent fine emulsion in distilled water 
and in normal saline solution. It contained 0.229 cent of nitro- 
gen of undetermined nature. 


MjETHOD 

A group of male guinea pigs that had been infected for 6 to 8 weeks 
with H37 tubercle bacilli, and which gave strong tuberculin re- 
actions, received intracorneal injections of approximately o.oi mg. 
of tuberculo-protein TPT in 0.005 cc. of normal saline. A group of 
normal guinea pigs was similarly injected. Another group of tuber- 
culous and one of normal guinea pigs received approximately o.i mg. 
of the tuberculo-phosphatide A3-a emulsified in 0.005 cc. of normal 
saline in the cornea. One animal from each group was kiUed by il- 
luminating gas at 3, 7, 15 and 30 days after injection. At later dates 
the experiment was repeated twice, with constant results. In one 
repetition animals were sacrificed at 30 hours and ii days in addition 
to the above periods. The injected eyes were removed, fixed in 
formol-Zenker’s solution and prepared for sectioning by the celloidin 
method. Hematoxylin and eosin stains were used routinely; hema- 
toxylin-eosin azure and a modified Weigert fibrin stain were used 
in certain cases. 

In the subsequent descriptions the term mononuclear cell will in- 
clude the various t3q)es of uninuclear cells of inflammation except 
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epithelioid and plasma cells. This is used because of the difficulty in 
accurately identifying many cells which were of intermediate or 
transitional types. The cells referred to as epithelioid are mono- 
nuclears with a large amount of pale, finely granular cytoplasm and 
a large vesicular nucleus, their shape being round to elongate, de- 
pending apparently on the degree of pressure by adjacent structures. 
These cells are like those seen in typical tuberculous lesions. The 
term fibrinoid is used to describe fibrin-hke material in the anterior 
chamber of certain eyes which did not stain Hke fibrin by special 
methods for demonstrating this substance. 

Reactions to Tuberculo-Protein 

Normal Animals: Grossly at 30 hours there was a shght central 
cloudiness in the corneas of normal guinea pigs. This diminished 
rapidly and disappeared by or shortly after the third day. 

Microscopically the reaction at 30 hours consisted of numerous 
polymorphonuclear neutroplules between collagen bundles in a small 
central area of the cornea, while a few such cells were to be seen in 
the limbus and migrating toward the center. At 3 days small num- 
bers of cells, a few of them mononuclears, remained, but at subse- 
quent periods the tissue was essentially normal. 

Tuberculous Animals: Grossly the cornea of the tuberculous 
guinea pig sacrificed 30 hours after injection was diffusely grayish 
white and semitranslucent. At 3 days new capillaries could be seen 
at the sclerocorneal junction, and the grayish white appearance was 
more intense, especially i to 2 mm. from the corneal margin. By 
7 days many vessels were approaching the center, which was now 
white and almost opaque. Between the gth and 15th days ulcera- 
tions with vascularized margins developed in the opaque area in 
seven of eight animals. The reaction in the periphery was diminish- 
ing. At 30 days all that remained was a poorly demarcated, barely 
visible, gray, central area traversed by a few small blood vessels. 

Microscopically at 30 hours the epithelium was missing from the 
center of the cornea of the tuberculous guinea pig. This cornea was 
thickened three to four times normal because of a marked swelling of 
the collagen bundles and some interstitial edema; the latter was more 
pronounced in the limbus, where large numbers of polymorpho- 
nuclear neutrophiles were present in the interstitial spaces. Among 
them, but more numerous about the vessels than elsewhere, were 
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many mononuclears of all types from small lymphocytes and other 
less differentiated small cells to large, round or irregularly shaped 
cells with large, oval to bilobed nuclei, some containing relatively 
small amounts of chromatin, others coarse, dark chromatin strands. 
A few well defin'ed spaces adjacent to blood vessels, perhaps l)un- 
phatics since they contained no erythrocytes, were packed with these 
cells and a few pol3miorphonuclears. Fibrous coimective tissue cells 
and endothelial cells were swollen. Large numbers of pol3unorpho- 
nudears had migrated into the cornea proper for a short distance, 
but few had reached the center, where swelling of the collagenous 
tissue was the only striking feature. In the anterior chamber, en- 
meshed in a delicate fibrinoid network, were many polymorpho- 
nuclears and an occasional mononuclear. Numerous cells of similar 
types were in the iris and its angular space. 

At 3 days (Fig. i) masses of polymorphonuclears lay in the inter- 
stitial spaces well out in the cornea but were still sparse in the center. 
They had decreased markedly in the limbus, mononuclears being 
predominant and increased greatly in number, particularly about the 
vessels. .In some instances they filled well defined perivascular 
spaces. There was a definite proliferation of new capillaries, in the 
walls of which endothelial cells in mitosis were found frequently. 
The lumens of these capillaries contained polymorphonuclears and 
mononuclears considerably in excess of the normal number, the ratio 
of the two types being approximately one to one. Examples of 
rnigration of these cells through vessel walls were present. The 
anterior chamber contained many more leukocytes of all t3/pes and 
a more coarse fibrinoid network than previously. There was little 
change in the iris and the angular spaces. Numerous leukocytes 
were clustered about the ciliary body. 

At 7 days many newly formed capillaries were approaching the 
center. Throughout the recently vascularized areas mononuclears 
were numerous and definitely outnumbered polymorphonuclears, 
while in the non- vascularized center they were still scarce. They 
predominated over polymorphonuclears in vessels as well, and rmgra- 
tion of both t3q)es of cells through endothelium was taking place. In 
the corneal center were large numbers of polymorphonuclears, most 
of which were degenerating, as indicated by swollen granular cyto- 
plasm and pyknotic nuclei. Some had been phagocytosed by the 
few large mononuclears present and by other polymorphonuclears. 
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In one cornea cells of the latter type were confined chiefly to a well 
localized area, while in all others they were spread diffusely through 
the tissue. In the limbus, inflammatory cells had diminished and 
throughout the cornea swelling of collagenous tissue was receding. 
The inflammatory process was subsiding in the anterior chamber 
also. Plasma cells in moderate numbers appeared in the iris of one 
eye. 

In the one cornea studied at ii days the chief change was an ex- 
tensive ulceration and sloughing of necrotic coUagenous tissue and 
degenerating inflammatory cells in the center. In adjacent areas the 
cellular constituents were mostly mononuclear, some of which were 
large with pale cytoplasm and large vesicular nuclei; apparently 
these were approaching an epithelioid-like state. There was no evi- 
dence at this or at earlier periods of local mononuclear cell formation. 
The few mitotic figures present were of endothelial or of fibroblastic 
origin as far as could be determined. In the limbus were relatively 
few cells. Approximately one-third were plasma cells, the remainder 
mononuclears. 

At 15 days typical epithelioid cells and large numbers of more un- 
differentiated large and small mononuclears, many of them small 
lymphocytes, were spread diffusely through the comeal center. 
Whether large mononuclears and epithelioid cells were transforma- 
tions of the smaller cells could not be positively determined; yet 
there were many intermediate forms which may well have repre- 
sented successive stages of development from small mononuclears to 
the above types. The collagenous tissue in the center was stained 
lightly and had lost its laminated appearance in places, thus indicat- 
ing early degeneration. The hmbus was little altered from the previ- 
ous period. 

At 30 days the corneas were in various stages of change and re- 
covery. In one the collagenous tissue formed a homogeneous matrix 
in the center. Here were suspended numerous epithelioid cells, large 
and small mononuclears, an occasional plasma cell and fibroblasts 
3)* Thagocytosed cell debris was present in some epithelioid 
cells and in large mononuclears. In adjacent less degenerated areas 
small mononuclears were predominant. Again, transitional forms 
toward the epithelioid type were seen frequently. The blood vessels 
in the center contained fairly numerous, large and small mono- 
nuclears and a few polymorphonuclears. As at all previous periods. 
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some were migrating through vessel walls. Other corneas of this 
period showed distorted and thinned collagen bundles indicating 
previous injury and subsequent atrophy. , The inflammatory cells 
had practically disappeared from these. 

Reactions to Tuberculo-Phosphatide 

Normal Animals: Grossly in corneas of normal guinea pigs tuber- 
culo-phosphatide brought about a mild, but persistent, reaction 
characterized by a gray cloudiness which was confined to the area 
infiltrated with the phosphatide emulsion. The reaction reached its 
height at 3 days, then diminished slowly, but was still visible at 
30 days. 

Microscopically at 30 hours the center of the cornea was infil- 
trated with a moderate number of polymorphonuclear neutrophiles, 
while in the limbus and migrating from it toward the center were 
fewer pol5morphonuclears and an occasional mononuclear. Most 
cells of the latter type were about vessels in the limbus. There was 
no interstitial edema or swelling of collagen bundles. At 3 days a few 
mononuclears were to be seen in the center, where, however, the 
reaction stiU consisted of pol3moiphonuclears predominantly. At 
7 days many of the latter cells were degenerating, and some had been 
phagocytosed by mononuclears of both large and small types, which 
had increased in number over the previous period. A very few were 
migrating from the limbus. In one cornea, in which the reaction was 
especially marked, perivascular spaces were filled with mononu- 
clears. Some were also in vessel lumens, and a few were passing 
through the endothehum. By 15 days mononuclears predominated 
in the center. There were transitional forms between these and 
epithehoid cells, a few of which were present. At 30 days the latter 
type of cell was predominant and lay between collagen bundles in the 
center. They were present in varying munber in every cornea receiv- 
ing the phosphatide, in some cases occupying an area of considerable 
size. There were no t)q)ical tubercles. 

Ttiberculoiis Aniinals: In corneas of tuberculous animals the 
tuberculo-phosphatide reaction was intense and simulated that to 
tuberculo-protein in many ways. The marked difference in gross 
and microscopically was that the phosphatide reaction was localized 
rather than diffuse. In both normal and tuberofious animals it was 
more persistent also. 



944 


HOLLEY 


In gross at 30 hours there was a marked, circumscribed, grayish 
white opacity in the center of the cornea, while the peripheral por- 
tions were less involved and blue-gray. The height of the reaction 
was reached between the 3rd and 7th days. The central opaque area 
assumed a dense yellowish white color and was even more sharply 
circumscribed than before, appearing as a spherical nodule set deeply 
in the corneal tissue. Numerous capillaries that had appeared at the 
corneal margin by the 3rd day had almost reached the center by the 
7th. The peripheral reaction was subsiding at the latter period. Be- 
tween the 10th and isth days two of ten corneas developed shallow 
central ulcers, which persisted but a short tune. The dense central 
inflamed area was small and the vessels less prominent. At 30 days 
there was only a slight, but localized, central haziness much like that 
in the corneas of the normal guinea pigs sacrificed at the same period, 
but more marked than any corresponding corneas receiving the pro- 
tein. 

Microscopically at 30 hours the striking features of the phos- 
phatide reaction in tuberculous guinea pigs were the marked swelling 
of collagen bundles and the large number of polymorphonuclear 
leukocytes that filled the interstitial spaces throughout the center of 
the cornea. The swelling referred to was identical with that described 
in the tuberculo-protein reaction. The cell t}p>es were the same as 
well. In the limbus, mononuclears and polymorphonuclears were de- 
cidedly less munerous than in response to the protein. The same was 
true of the iris and its angular spaces, and there was almost no in- 
volvement of the anterior chamber. 

At 3 days (Fig. 2) capillaries were proliferating extensively in the 
limbus and were pushing into the cornea for short distances. They 
contained increased numbers of mononuclears and polymorpho- 
nuclears in about equal proportions; a few of each type were passing 
through capillary walls. In the interstitial tissue of the limbus mono- 
nuclears showed a slight increase over the earher period, especially 
about the blood vessels. In the center was a large, well localized 
area consisting of polymorphonuclears packed between distorted 
collagen fibers. Many of the cells showed signs of degeneration. The 
anterior chamber, iris and angular space were practically devoid of 
leukocytes, another indication of the definite localization of the re- 
action to the phosphatide in contrast with that to tuberculo-protein 
in tuberculous animals. 
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By 7 days new capillaries had reached the margin of the localized 
central cell mass, which now contained many mononuclears of all 
t3rpes. Phagocytosis of polymorphonuclears was much in evidence. 
In the adjacent vascularized tissue mononuclears were predominant; 
the same was true in the vessels. Between center and limbus as well 
as in the limbus itself were relatively few inflammatory ceUs. 

In the cornea studied at ii days the central zone was undergoing 
necrosis and ulceration. The adjacent vascularized tissue contained 
large numbers of mononuclears and, as described in the case of the 
corresponding animal receiving tuberculo-protein, many were ap- 
proaching an epithelioid-hke state. A few mature epithehoid ceUs 
were already present. 

At 15 days the center was weU vascularized, and epithelioid ceUs 
were numerous, if not predominant. There were stiU many mono- 
nuclears, especiaUy in lateral portions of the ceUular area. Some sim- 
ilar cells were migrating through vessel waUs. The swelling of col- 
lagen bundles had practicaUy subsided, and the hmbus and other 
parts of the eye were essentiaUy normal except for plasma ceUs in 
smaU numbers. 

Thirty days after injection the corneas were identical with those 
of normal animals receiving phosphatide, except that a few receding 
vessels were stiU present in those of the tuberculous animals. There 
were epithelioid ceUs (Fig. 4) between coUagen fibers in the center of 
each cornea, comprising a compact mass in some instances, but not 
arranged as a t3^ical tubercle. 

The marked tuberculin-like activity of tuberculo-phosphatide in 
corneas of tuberculous guinea pigs, in contrast with the mild reaction 
of normal guinea pigs to the same substance, suggested strongly that 
it contained tuberculo-protein. The difiSculty, if not impossibility, of 
making an absolute separation of phospholipins and traces of pro- 
tein is generaUy recognized, and WeUs has caUed attention to the 
probabiUty of the presence of some protein in most or aU of the so- 
caUed lipoid antigens of bacterial origin. Since foreign proteins 
mixed with lipoids often have greater antigenic power than when 
used alone, it was thought that perhaps the tuberculo-phosphatide 
may have enhanced the activity of any protein which it might con- 
tain. It was suggested that a study of the reactions to tuberculo- 
protein mixed with a phosphatide other than that from tubercle 
baciUi be made. 
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Lecithin and Tuberculo-Protein 

Mixtures of o.i mg, of emulsified Merck’s egg lecithin with 
o.oooi mg. and with o.ooooi mg. of tuberculo-jprotein TPT were 
injected into the corneas of normal and of tuberculous guinea pigs. 
The same amounts of these substances were injected separately into 
corneas of other normal and tuberculous guinea pigs for control. 
Histological studies were made at 3, 7, 15 and 30 days after injection. 

In the normal control animals tuberculo-protein, lecithin, and 
their mixtures brought about only a minimal reaction of polymor- 
phonudears and an occasional mononuclear without definite local- 
ization. Inflammatory cells were relatively most numerous at 3 days, 
the corneas being practically normal at subsequent periods. In 
tuberculous guinea pigs lecithin gave the same result as in normal 
animals. 

There was no constant qualitative or quantitative difference be- 
tween reactions to the lecithin-protein mixtures and to the equal 
amounts of tuberculo-protein alone in tuberculous animals. Inten- 
sity of the reactions varied with sensitivity of the animals. Some 
that were cachectic did not react at aU; others that were highly 
sensitive responded almost as intensely and with the same types of 
cells, swelling of collagen bundles and vascularization of the cornea 
as did those receiving o.oi mg. of tuberculo-protein. In most in- 
stances the reaction was diffuse, although in a few it was somewhat 
localized. The same was true of the lecithin-tuberculo-protein mix- 
tures, a few animals injected with them not reacting at all and others 
strongly, but no more than to the small amounts of tuberculo-pro- 
tein injected alone. Some reactions were diffuse with many leuko- 
cytes in the anterior chamber and Ihnbus; others were confined to 
the cornea proper. 

At 15 days some epithelioid cells and numerous mononuclears were 
seen in the center of the corneas of those animals responding most 
markedly, both to lecithin-protein mixtures and to 0.0001 mg. and 
to O.OOOOI mg, of protein alone. The above types of cells were 
present in appreciable numbers only after vascularization of corneal 
centers had taken place. Mononuclears in the vessels were more 
numerous than normally, and some were migrating through the 
endothelium. As brought out several times previously, epithelioid 
cells seemed to be the result of transition from mononuclears after 
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the latter cells had reached the reaction site, chiefly through blood 
vessels. 

In some corneas of the various groups of animals studied at 30 
hours and 3 days after injection, a few small groups of bacteria were 
seen in or near the path of the needle. These organisms appeared 
morphologically like a micrococcus commonly found in air. They 
were without any significant effect on the reactions, since in those 
corneas in which bacteria were present the reactions were the same 
as those in other corneas of the same groups and periods in which 
none were found. None were seen later than 3 days after injection, 
indicating that, if present at first, they had been destroyed in every 
case after this period, and showing that they did not alter the re- 
actions to the materials used for study. 

Discussion 

In the above experiments swelling of collagen bundles in corneas 
of tuberculous guinea pigs receiving tuberculo-protein, also in those 
receiving tuberculo-phosphatide, was like that described by Seibert ® 
in the cutaneous reaction of animals sensitive to the protein. The 
subsequent loss of structure and final partial atrophy of the coUagen 
bundles in the protein reaction demonstrated the marked toxicity of 
tuberculo-protein for sensitized connective tissue. Cellular response 
to this material was, except for the presence of epithelioid cells, what 
one would expect in the reaction of any animal to an antigen with 
which it had been rendered allergic, namely, pol)anorphonuclear 
leukocytes at first, then large numbers of mononuclears. The ap- 
pearance of epithelioid cells in appreciable numbers in later stages of 
the reaction was of significance, since the water-soluble protein frac- 
tion of tubercle bacilli had not been considered a stimulus for the 
development of these cells. Their presence in the reaction suggested 
that some of the epithelioid cells in lesions of tuberculosis may be 
due directly or indirectly to the action of tuberculo-protein on al- 
lergic tissues. Since there was no transformation to the epithelioid 
state of any of the few mononuclear cells responding to tuberculo- 
protein in corneas of normal guinea pigs, it would seem that the 
protein did not act on the mononuclear cells directly, but rather that 
some factor secondary to the degeneration of collagenous tissue or 
to degeneration of inflammatory cells brought about the change of 
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mononuclears to epithelioid cells. The real mechanism of the process 
is not understood. 

The presence of epithelioid cells in later stages of reactions to 
tuberculo-phosphatide in corneas of both normal and tuberculous 
guinea pigs gave, without exception, further confirmation of the 
ability of this fraction of the tubercle bacillus to bring about the 
production of epithelioid cells, as Sabin and her associates have 
shown. Another important feature of the reactions was the early 
localization of responding cells in the center of the cornea, as opposed 
to the diffuse spreading of cells in tuberculo-protein reactions. The 
most logical explanation was that the phosphatide, as an emulsion, 
could not diffuse far from the site of injection because the globules of 
material could not pass through or between the collagen bundles; 
hence the central localization of reacting cells. The protein, as a so- 
lution, diffused from the cornea into the limbus, iris and anterior 
chamber, thus calling forth cells into all of these areas. 

It seemed correct to assume the presence of tuberculo-protein in 
the phosphatide in view of its marked tuberculin-like activity in 
tuberculous animals, also because of its nitrogen content which, 
though small, might well have been due in part to protein. If this 
were true, then the localization of the allergic reaction to the phos- 
phatide would indicate that the two substances were closely asso- 
ciated physically or chemically and that, as a result, most of the 
reaction due to the protein was confined to the area which the phos- 
phatide penetrated at the time of injection. The failure of simple 
mixtures of lecithin and tuberculo-protein to give a localization of 
inflammatory cells also pointed to a close association of tuberculo- 
phosphatide with protein. Whether or not the phosphatide ampli- 
fied the assumed protein activity by virtue of close association with 
it has not been determined. Because of the 0.229 cent of nitro- 
gen in the phosphatide, it is possible that o.i mg. injections of the 
latter contained as much as 0.0015 mg. of protein. This amount 
might well account for the difference in intensity between tuberculo- 
phosphatide reactions in normal guinea pigs and tuberculous ones. 

In previous experiments it was shown that most of the mono- 
nuclears taking part in reactions to living tubercle bacilli injected 
into the corneas of guinea pigs and rabbits came into the cornea only 
after vascularization of it had occurred, and that these cells appar- 
ently migrated from the blood vessels. Some of them later differen- 
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tiated into epithelioid cells. These same observations have been 
made above in describing the reactions to the tuberculo-protein and 
phosphatide. It seemed that where there was but a slight irritation^ 
as in the corneas of normal guinea pigs, sufficient numbers of mono- 
nuclears were able to migrate from the limbus without the aid of 
vascularization. Normally the limbus contains small numbers of 
lymphocytes and other mononuclears to supply some cells for mild 
injuries. In the presence of severe injuries, however, vascularization 
was apparently necessary to supply the needed mononuclear cells. 
Pol5nnorphonuclears were able to migrate in large numbers from the 
limbus early in the reactions; mononuclears were not. In no case 
was there evidence of local proliferation of inflammatory cells, there 
being no mitotic figures except in endothelium and occasionally in 
cells which seemed surely to be fibroblasts. Neither was amitotic 
cell division observed. More positive indication of the vascular 
source of the mononuclears was their increased number in vessel 
lumens and the observation of some of them migrating through ves- 
sel walls. The fact that frequently they were most numerous about 
vessels was also in favor of their vascular entrance to the site of in- 
flammation. 

That epithehoid cells developed from mononuclears after these 
had reached the area of inflammation seemed to be demonstrated by 
the absence of epithelioid cells in the lumens of vessels; and the 
presence in the inflamed tissue of cells apparently in transition from 
mononuclear to epithehoid form further supported their mono- 
nuclear cell origin. 

Summary and Conclusions 

A study of the tissue reactions to purified tuberculo-protein and 
tuberculo-phosphatide in the corneas of normal and tuberculous 
guinea pigs was made over a period of i month. It was found that 
tuberculo-protein had a markedly toxic action on the connective 
tissue of corneas of tuberculous animals and led to inflammation and 
partial degeneration (tuberculin reaction) . Furthermore, it seemed 
responsible, probably indirectly, for the production of epithehoid 
cehs in the later stages of the aUergic reactions. In the amounts 
used, the protein was practicaUy inert in normal guinea pigs. 

Tuberculo-iphosphatide also caused an acute tubercuhn-like re- 
action in tuberculous guinea pigs. Inasmuch as the preparation con- 
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tained a small amount of nitrogen, believed to be an impurity, and 
not part of the molecule, it was concluded that the reaction noted 
was probably a reaction to tuberculo-protein. The fact that the un- 
known substance was closely bound chemically seemed to explain 
the fact that the acute reaction to the tuberculo-protein alone was 
diffuse, while that to the tuberculo-phosphatide was localized. In 
both tuberculous and normal animals epithelioid cells were present 
at the later periods and persisted longer than did those in most of the 
tuberculo-protein reactions. 

The findings confirmed previous work indicating that in tuber- 
culosis of the cornea most mononuclears taking part in the reactions 
at the site of injection came from the blood stream, and that epi- 
thehoid cells arose from these mononuclears by a process of transi- 
tion at the site of inflammation. 

Note: The writer is indebted to Dr. Esmond R. Long for direc- 
tion and other aid in the experiments presented and to Dr. Flor- 
ence B. Seibert for supplying the tuberculo-protein and tuberculo- 
phosphatide. 
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DESCRIPTION OF PLATES 


Plate 125 

Fig. I. Cornea of tuberculous guinea pig 3 days after central injection of tuber- 
culo-protein. Note marked density in and near limbus due to cellular in- 
filtration, and relatively slight infiltration in center. Note also heavy exu- 
date in anterior chamber, x 13.5. 

Fig. 2. Cornea of tuberculous guinea pig 3 days after central injection of tuber- 
culo-phosphatide. Note dense cell “mass” in center and absence of exu- 
date in anterior chamber, x 13.5. 
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Corneal Reactions of Guinea Pigs 




Plate 126 


Fig. 3. Center of cornea of tuberculous guinea pig 30 days after central injec- 
tion of tuberculo-protein. Note epithelioid and other less differentiated 
mononuclear cells in homogeneous matrix of degenerated collagenous tissue. 
X 910. 

Fig. 4. Center of cornea of tuberculous guinea pig 30 days after central injec- 
tion of tuberculo-phosphatide. Note large number of epithelioid cells and 
interspersed less differentiated mononuclears, some possibly in transition 
toward epithelioid type, x 910. 
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THE SIGNIFICANCE OF THE CELLULAR VARIATIONS 
OCCURRING IN NORMAL SYNOVIAL FLUID * 

Charles F. Warren, M.D., Granville A. Bennett, M.D., 

AND Walter Bauer, M.D. 

{Fro7n the Departments of Pathology atid Medicine, Harvard Medical School, and the 
Medical Clinic of the Massachusetts General Hospital, Boston, Mass.) 

In order to establish the cytological characteristics of normal 
human, synovial fluid studies have been made on human synovial 
fluid obtained immediately after death.^ Such studies reveal con- 
siderable variation in the total number of nucleated cells as well as 
percentage differences of any one type of ceU. Therefore, it is appar- 
ent that one cannot properly interpret these data until one has de- 
termined what cytological variations can occur and stiU be within 
the limits of normal. Because cellular variations of a lesser degree 
had been observed previously in bovine synovial fluid ^ further stud- 
ies of bovine fluid were undertaken in order to determine if possible 
not only what magnitude of cellular variation can exist without be- 
ing considered abnormal, but also what factors are responsible for 
the observed cellular variations. In order to determine further the 
influence of certain factors on synovial fluid cytology some of the ob- 
servations were extended to dogs because greater variations of the 
suspected factor were possible. Certain observed discrepancies be- 
tween the present and previous bovine fluid studies “ were noted and 
have been recorded. 


Methods 

Cell counts were recorded on 37 specimens of synovial fluid from 
young beef cattle. Of these, 25 specimens were obtained from the 
astragalotibial joint and 12 specimens were taken from the carpo- 
metacarpal joint. The method employed in the present study dif- 
fered only slightly from that previously described.^ It was found 

* Read by Dr. Granville A. Bennett before tlie American Society for E.tperimcntal 
Pathology, April ii, 1934. 

This is publication Number 17 of tlie Robert W. Lovett IMemorial for the Study of 
Crippling Disease, Harvard iledical School, Boston, Mass. 

The expenses of this investigation were aided in part by a grant from the Rockefeller 
Foundation. 

Received for publication July 22, 1935. 
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that better difierential stains were obtained if the concentration of 
vital dyes was reduced. Therefore, 12 drops of a saturated solution 
of neutral red in absolute alcohol and 4 drops of a saturated solution 
of Janus green B in absolute alcohol were added to 10 cc. of absolute 
alcohol. Clean glass slides were flooded with this diluted stain, 
drained and allowed to dry quickly. 

In order to compare the phagocytic activity of each cell observed 
with its reaction to the vital dyes differential cell counts were made 
on two portions of each fluid, one of which contained a few drops of 
a graphite suspension. The same concentration of vital dyes was 
used in each type of preparation. The cell counts were then made 
simultaneously by two observers. 

Results 

The results of the present series of cell counts are presented in 
Tables I and II. A comparison of the average percentage of the va- 
rious types of cells listed in these tables with those previously pub- 
lished 2 reveals that there is a much higher percentage of non-phago- 
cytic cells than we formerly reported. This group of non-phagocytic 
cells is comprised chiefly of cells having the characteristics of lym- 
phocytes.^’ ^ It will be noted that 20 to 23 per cent of all nucleated 
cells in the carpometacarpal joint fluid and 40 per cent in the astra- 
galotibial joint fluid are lymphocytes, whereas we formerly reported 
that go to 95 per cent of aU nucleated cells in synovial fluid from 
these two joints were phagocytic. The averages of the present tabu- 
lation indicate that only 74 to 78 per cent * of the nucleated cells in 
the synovial fluid from the carpometacarpal joint and 57 per cent of 
the nucleated cells in the astragalotibial joint fluid are phagocytic 
cells. These tables also show a wide range of variation in the num- 
bers of phagocytic and non-phagocytic cells in different specimens of 
S3movial fluid from the same source. No significant difference was 
noted between the average number of polymorphonuclear leukocytes 
and synovial cells in the two studies. A somewhat higher average of 
nucleated cells per cubic millimeter of astragalotibial joint fluid was 
obtained in the present series of counts. The former series of 63 speci- 
mens showed an average of 112 nucleated cells per cubic millimeter, 
whereas the average number of nucleated cells per cubic millimeter 

* 74 per cent was the average for the fluids without graphite and 78 per cent repre- 
sents Uie average for the same fluids when graphite was present. 
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of fluid in the present series is found to be i8i . This difference is due 
chiefly to the fact that 4 specimens of fluid (Nos. 5, 13, 16 and 17) in 
the present series were unusually rich in cells. 

Discussion 

Re-examination of the cells in the synovial fluid of cattle by means 
of supravital staining has demonstrated an error in our previously 
reported obser^’^ations ^ in which 90 to 95 per cent of the nucleated 
cells were classified as phagocytes. The existing discrepancy re- 
sulted from a failure to distinguish between lymphocytes and small 
monocytes and from the belief that certain lymphocytes were 
shrunken degenerating cells. This source of error has been largely 
removed by reducing the concentration of vital dyes and by observ- 
ing the function of each cell with regard to its ability to ingest par- 
ticulate matter. In the previous study graphite was added to several 
S5movial fluids for the purpose of making illustrations of the various 
types of cells contained therein. Had differential ceU counts been 
made on these preparations we would not have made the mistake of 
classifying certain lymphocytes as monocytes. 

The present series of differential counts was checked in each in- 
stance by preparations to which particulate matter had been added. 
Although the addition of a graphite suspension materially aided in 
the early stages of this study in the differentiation of phagocytic 
from non-phagocytic cells, it interfered greatly with the further clas- 
sification of the phagocytic cells. This fact is clearly demonstrated 
by a comparison of the percentages of unclassified phagocytes 
counted 'in preparations without the addition of graphite, with the 
percentages of such cells obtained in counts made after such par- 
ticulate matter had been added. 

At the present time we know of no real value in subdividing the 
large mononuclear phagocytes of synovial fluid. However, an at- 
tempt has been made to classify them according to the criteria given 
for their differentiation ® in order to record the relative percentages 
of clasmatocytes and monocytes for future comparison with counts 
made on normal and pathological human synovial fluids. 

In counting a specimen of synovial fluid one frequently encounters 
dead or degenerating cells. These are distinguished by their failure 
to react to vital dye, by their hyaline nuclei which are sometimes 
stained pale green, and by their shrunken or excessively vacuolated 
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cytoplasm. Such cells may resemble cells of the phagocytic series or 
they may resemble l3anphocytes. Frequently, however, no clue to 
their identity is evident. All such cells have been excluded from 
these differential counts, although the number seen in counting ii 
specimens of astragalotibial joint fluid and 7 specimens of carpo- 
metacarpal joint fluid has been recorded. From 2 to 24 such cells 
were seen in counting 100 viable cells. 

Examination of Tables I and II reveals considerable variation in 
the average cell percentages in carpometacarpal and astragalotibial 
joint fluids. Seventy-four to 78 per cent of all cells present in the 
carpometacarpal joint are phagocytic, whereas in the astragalotibial 
joint fluid only 57 per cent are phagocytic. One notes further that 
there is less variation in the number of phagocytic and non-phago- 
cytic cells present in carpometacarpal joint fluid. Is there any obvi- 
ous explanation for the observed cellular differences in these two 
joint fluids? In a previous study ® it was noted that a degenerative 
type of articular cartilage defect is present in the carpometacarpal 
joints of all cattle over 2 years of age whereas, in so far as we could 
determine, no such articular cartilage lesion is present in the astra- 
galotibial joints. Because of the presence of this cartilage defect the 
carpometacarpal joint fluids contain more debris and unidentified 
solid matter than the astragalotibial joint fluids. Such debris and 
particulate matter is removed from the joint chiefly by means of 
active phagocytic cells. Thus, it must be assumed that the increased 
mononuclear phagocytic cell content of carpometacarpal joint fluid 
represents the response necessary for the removal of the wear and 
tear products resulting from repeated trauma to this joint. 

The variations in cell percentages observed in one astragalotibial 
joint fluid as compared with another were very great (Table II). 
The phagocytic cells varied from 36 to 92 per cent, whereas non- 
phagocytic cells (lymphocytes) varied from 8 to 64 per cent. Can 
variations of this degree be considered within the limits of normal? 
To answer this question it was necessary to consider aU possible 
factors that might have been responsible for the variations noted. 
The following were considered and investigated; 

(1) Variations resulting from failure to withdraw the fluid at the 
time the animal was sacrificed. 

(2) Variations resulting from failure to examine the fluid immedi- 
ately after its withdrawal. 
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Cytology of Synovial Fluid from Carpometacarpal Joints 
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(3) Whether or not the cytology of synovial fluid is altered by 
variations in the blood cytology. 

Postmortem increases in the total number of synovial fluid cells 
have been reported by Key.’ He ascribes this increased cellular con- 
tent as being due chiefly to a migration of polymorphonuclear leuko- 
cytes into the joint. The fluid cytology herein reported was done on 
fluids drawn 15 to 30 minutes after death because it had been estab- 
lished previously ^ that this lapse of time in no way influenced the 
total cell count or the individual cell percentages. Pol3miorpho- 
nuclear leukocytes were rarely observed. 

In order to determine what changes in synovial fluid occur post- 
mortem, specimens of synovial fluid from the knee joints of four 
normal dogs were examined at varying intervals after death. Six 
fluids were obtained within the first half hour, 3 at the end of i, 2I 
and 3 hours respective^, and 4 at the end of 18 hours. In four in- 
stances sufficient fluid was obtained at a later aspiration (i at the 
end of 2f hours and 3 at the end of 18 hours) to repeat the total cell 
and difierential counts. In 3 of these later fluids a marked increase 
in the total number of cells occurred without any appreciable altera- 
tion in individual cell percentages. Thus we are unable to ascribe 
percentage variations of any one type of cell as being due to post- 
mortem changes or intra-articular migration. 

In order to determine the magnitude of variations in the differen- 
tial cell counts which might result because of failure to examine the 
fluid immediately after its withdrawal a number of fluids were re- 
examined 2 1 to 3 hours after the first count was made. Invariably 
such counts revealed a marked increase in the number of dead or de- 
generating cells. Considerable clumping of cells occurred when the 
fluids were kept in the warm box for such long periods of time. Ag- 
gregates of 5 to 50 cells were frequently observed. While the pres- 
ence of such clumps did not alter the relative percentages of phago- 
cjdic and non-phagocytic cells in the specimens re-examined it was 
at times difficult or impossible to recognize the distinguishing char- 
acteristics of the phagocytic cells. 

In the course of this study we observed in three instances cyto- 
logical synovial fluid changes which suggested that the synovial fluid 
cytolog}*^ might be a reflection of the blood cytology. For instance, 
in 2 pathological bovine synovial fluids an eosinophilic polymorpho- 
nuclear leukocytosis of 12 and 50 per cent respectively was noted. 
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Because only one eosinophilic polymorphonuclear leukocyte had ever 
been observed in over 100 bovine synovial fluid examinations it was 
only natural to wonder if the above findings were indicative of an 
eosinophilia in these two animals. In addition, examination of the 
synovial fluid from a patient with myelogenous leukemia revealed 
that many of the synovial fluid cells were of the myelocytic series. If 
the synovial fluid does reflect the cytology of the blood under such 
conditions then there would be every reason to believe that diurnal 
variations in the synovial fluid cytology similar to those in blood cy- 
tology might occur. 

In order to prove or disprove this theory the following observa- 
tions were made : 

fi) Simultaneous blood and astragalotibial synovial fluid exam- 
inations were done on eight additional cattle. These results are 
shown in Table III. One notes that variations of the total number 
of circulating leukocytes (4,200 to 10,800) or variations in number of 
any one type of cell can occur without any reflection of such vari- 
ations in the synovial fluid. For instance, the polymorphonuclear 
leukocytes of the blood in one animal averaged 66 per cent, yet the 
synovial fluid contained none. In one other animal these cells aver- 
aged 2 per cent in the synovial fluid, even though the blood contained 
only 10 per cent. The same absence of relationship was demonstrable 
in the case of lymphocytes and eosinophilic polymorphonuclear 
leukocytes. The blood of each animal showed an eosinophilia vary- 
ing from 2 to 12 per cent, yet no eosinophilic polymorphonuclear 
leukocytes were demonstrable in the synovial fluid. 

(2) Similar studies made on simultaneously obtained canine blood 
and synovial fluid gave similar results to those obtained on cattle 
(Table IV). Again there was no evidence of the synovial fluid cy- 
tolog}'^ being influenced by the blood cytology. An eosinophilia was 
present in some instances and again no eosinophilic polymorpho- 
nuclear leukocytes were present in the synovial fluid. 

(3) F urther proof that synovial fluid cytology is not influenced by 
blood cytology was obtained when the same studies were repeated on 
normal dogs before and during the time of an experimentally pro- 
duced polymorphonuclear leukocytosis. Any increase in synovial 
granulocytes during such a leukocj^tosis would be of significance be- 
cause normally they are rarely present in the s3movial fluid (the aver- 
age being i .7 per cent — see Table IV) . As can be seen from Table V 
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Table IV 

A Comparison of Simultaneously Obtained Canine Blood and Synovial Fluid 
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* When erythrocytes were too numerous to count the number present is represented by + signs. 
All differential cell counts ot blood were made from fixed smears stained with Wright’s stain. 
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A Comparison of the Cytology of Simultaneously Obtained Canine Blood and Synovial Fluid Before and During an Experimentally Produced 

Leukocytosis * 
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no increase in synovial fluid granulocytes occurred, whether the in- 
creased number of circulating pol3rmorphonuclear leukocytes was of 
short duration (8 hours in Dog I) or of many hours duration (96 
hours in Dogs II and III). Again, no eosinophilic polymorpho- 
nuclear leukocytes were demonstrable in the synovial fluid. In 
Dog II the number of synovial fluid lymphocytes was greatly in ex- 
cess of the blood lymphocytes. 

From these last three experiments it would seem that one is justi- 
fied in concluding that there is no evidence to support the theory 
that synovial fluid cytology is a reflection of the blood cytology. The 
findings in the 3 pathological fluids previously cited must have been 
due to other causes, such as parasitic invasion of the periarticular 
structures in the case of the cattle and subperiosteal leukemic infil- 
tration near the joint margins in the case of the human. 

The data contained in Tables II to V inclusive offer no satisfactory 
explanation for the wide variations noted in average cell percentages 
in normal bovine synovial fluid, particularly those observed in the 
fluid obtained from the astragalotibial joint. The presence of a regu- 
larly occurring cartilage defect in the carpometacarpal joint and in 
consequence more cellular debris to be removed would seem suffi- 
cient stimulus for an increase in the total number of nucleated cells 
and for an increased mononuclear phagocytic cellular reaction in this 
joint, whereas in the astragalotibial joint no such regularly occurring 
pathological lesion is demonstrable and therefore there is less need 
for an increase in this type of phagocytic cell. The variations in 
phagocytic and non-phagocytic ceU percentages found in the astra- 
galotibial joint fluid probably do represent the cellular variations 
which can take place in any so-called normal joint. Therefore, these 
variations probably represent cellular reactions to the average every 
day insults such as wear and tear, minor trauma or any irritant, any 
one of which all joints must be subjected to from time to time. In 
other words, the cytology of normal synovial fluid is dependent in 
part upon what intra-articular insults have occurred. For instance, 
the intra-articular injection of a mild irritant such as normal saline 
results in a marked increase in polymorphonuclear leukocytes, only 
to be largely replaced in a few days by mononuclear phagocytes and 
later by an increase in the average number of l3nnphocytes.®’ ® Any 
joint subjected to unusual or constant use will show considerable 
ewdence of wear and tear manifested by intra-articular degenerative 
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Showing the Average Cellular Variations in the Synovial Fluid of Different Speeies 
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• The average cell percentages for the astragalotibial and carpometacarpal joint fluid are taken from Tables I and II respectively and represent the differential cell 
counts done before adding graphite. 
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joint changes.^® The same type of intra-articular joint change re- 
sults from the wear and tear of increasing age and in consequence 
marked changes are demonstrable in most individuals past the 
fourth decade of hfe, even though they may never have complained 
of joint symptoms or joint disease.^^ Therefore, it is apparent that 
the amount of particulate matter and cellular debris present in a 
joint may vary considerably from time to time and in consequence 
the total mrniber of synovial fluid nucleated cells, particularly the 
mononuclear type of phagocytic cells, must vary also. The minor 
insults that a joint is subjected to evidently do not cause sufi&cient 
intra-articular reaction to result in an increase in polymorphonuclear 
leukocytes. 

A word of warning may be given to anyone interested in stud5dng 
normal synovial fluid cytology, namely that there are certain species 
differences which one must consider if he wishes to compare the find- 
ings of one species with those of another. These differences concern 
the total number of nucleated cells as well as the percentage number 
of any one type of cell. These are best illustrated in the short sum- 
mary table given below. 

The above mentioned data should aid materially in interpreting 
the cytological variations one observes ^ in normal human synovial 
fluid. 


Summary and Conclusions 

1 . A study of the cytology of the synovial fluid from the astra- 
galotibial and carpometacarpal joints of young beef cattle showed 
variations in the total number of nucleated cells and in individual 
cell types. The widest variations in cell types were observed in the 
astragalotibial joint fluids. 

2. The phagocytic cells (practically all were of the mononuclear 
type) averaged 57 per cent in the astragalotibial joint fluid and 74 to 
78 per cent in the carpometacarpal joint fluid. 

3. The non-phagocytic cells (chiefly lymphocytes) averaged 40 
per cent in the astragalotibial joint fluid and 20 to 23 per cent in the 
carpometacarpal joint fluid. 

4. The variations in the total number of nucleated cells and indi- 
vidual cell types in these two joint fluids are best explained by the 
increased amount of debris in the carpometacarpal joint resulting 
from the articular cartilage defects present. 
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5. The addition of a small amount of graphite to the synovial 
fluid before doing the supravital differential cell count aids one in 
distinguishing between phagocytic and non-phagocytic cells. 

6 . The wide variations in individual cell types observed in the 
astragalotibial joint fluid are evidently within the limits of so-called 
normal. The “normal” fl'gure depends upon the degree of wear and 
tear, minor trauma, and so on, to which the joint has recently been 
subjected. Evidently irritations of this grade are sufficient to in- 
crease the total number of nucleated cells and the percentage of 
phagocytic cells exclusive of polymorphonuclear leukocytes. 

7. The total number of nucleated cells contained in synovial fluid 
may increase postmortem but there is very little change in the indi- 
vidual cell percentages. 

8. The cellular constituents of normal synovial fluid are not in- 
fluenced by variations of the blood cytology. 

9. There is a definite species difference in the total number of 
nucleated cells and the percentage of individual cell types contained 
in normal synovial fluid. 

Note: We wish to thank the New England Dressed Meat and 
Wool Company for its cooperation and generosity. 
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EFFECT OF CENTRIFUGATION ON HERPETIC INTRANUCLEAR 

INCLUSIONS WITH A NOTE ON CYTOPLASMIC INCLUSIONS 
OF UNKNOWN ORIGIN IN THE RABBIT CORNEA * 

Alteed M, Lucas, Ph.D., and Walter W. Herrmann, M.D. 

{From the Departments of Zoology and Bacteriology, State University of Iowa, 

Iowa City, Iowa) 

A conspicuous evidence of some virus diseases is the production of 
intranuclear inclusions. It has not been possible thus far to de- 
termine unequivocally by the usual microscopic methods whether 
the smallest visible granules are the virus organisms or the products 
of a cellular reaction to an invisible virus. The ultracentrifuge de- 
veloped by Beams, Weed and Pickels ^ provides a new method of 
approach to these problems in that sufficient centrifugal force is at- 
tained to displace the established relationship of cellular elements, 
and thereby enables one to make comparisons of this displacement 
with chromatin and nuclear sap, substances about which something 
is already known. 

Method 

Herpes virus, H. F. strain, originally obtained from the Rockefel- 
ler Institute for Medical Research through the kindness of Dr. T. M. 
Rivers, was employed. Fresh brain of rabbits previously inoculated 
intracerebraUy was triturated and applied to the scratched cornea of 
rabbits. About 30 to 48 hours later the infected eye was removed 
and the cornea cut into three pieces, one of which was placed in a 
duralumin rotor of the ultracentrifuge and whirled at 65 to 70 pounds 
air pressure for 45 to 60 minutes. The remaining two pieces were 
fixed in Zenker’s acetic fixing fluid, one before centrifugation be- 
gan and the other after it had been completed. Autolytic effects 
upon the corneal tissues due to time alone were thus differentiated 
from centrifugation effects. Corneal tissues, not infected, were 
treated in the same way. Part of this control material was scratched 
with a needle about 30 hours previous to removal in order to dis- 
tinguish factors involved in regeneration from those due to infection 

* Received for publication July 5, 1935- 

The preparation of the manuscript was completed while one of us (A.M.L.) was 
at the Anatomical Laboratory, Washington University, St. Louis, Mo. 
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when these tissues were centrifuged. Delafield’s hematoxylin with 
eosin, Ehrlich’s hematoxylin with triosin, and Giemsa stains were 
used. 


Observations 

The cornea is from 4 to 5 cells thick: the basal layer contains large 
oval nuclei with the long axes perpendicular to the basement mem- 
brane, the overl5dng nuclei are smaller and denser and their long 
axes parallel to the surface. 

Normal Epithelial Cells: When normal corneal epithelium or re- 
generating corneal cells are centrifuged, both nuclei and cytoplasm 
are modified to some extent. The cytoplasm balloons centripetally 
in the outer two or three rows of flattened cells (Fig. 6) . The position 
of the nucleus in the cytoplasm does not change. The chromatin of 
the nucleus becomes massed toward the centrifugal pole and the op- 
posite end becomes correspondingly free of it but is fiUed with clear, 
homogeneous, non-staining nucleoplasm. 

No difference was noted in the reaction of nuclei in normal unin- 
jured epithelium and in that undergoing regeneration. 

Infected Epithelial Cells: The infected corneal cell nuclei have the 
appearance represented in Figure 3. The granular inclusion body lies 
in the center of a nucleus and is usually surrounded by a clear halo. 
The chromatin is closely packed against the nuclear membrane. 

The translocation of chromatin materials by centrifugation in the 
normal nucleus is relatively slight (Figs. 6 and 7A), but is readily 
accomplished in the infected nucleus (Figs, i, 2, and 7 b). In the 
latter the chromatin, as in the normal nucleus, moves toward the 
centrifugal pole, the fluid, non-staining material forms a narrow mid- 
dle zone and the inclusion body presses centripetally against the 
nuclear membrane. 

It was sought to determine under high magnification whether the 
chromatin passes around or through the inclusion body. Most fre- 
quently it follows the contour of the nuclear membrane but occa- 
sionally, as in Figure 7B, it passes through the mass of inclusion 
granules and in some cases numerous chromatin particles were found 
among the granules. 

Occasionally the nuclear membrane brealcs (Fig. 7c), in which 
case the granules of the inclusion become slightly separated and pass 
into the cytoplasm in a centripetal direction. The resistance of the 
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nuclear membrane against rupture has been noted by Nemec/ and 
Luyet and Ernst ^ in plant cells. 

Cytoplasmic Inclusiojis of Unknown Origin: Spherical, cytoplas- 
mic inclusion bodies were found in the epithelial cells of 8 out of lo 
corneas examined; the 2 negative cases are doubtful because suffi- 
cient material was not available. They are present in control and 
virus-infected tissues, in both uncentrifuged and in centrifuged por- 
tions. Their distribution is not uniform; the bodies are limited to 
small areas, irregularly scattered, and in any one location the number 
of inclusions varies greatly. They are present usually in the cells 
lying above the basal layer and extend into that layer only when 
very numerous (Fig. 4). 

The corneal inclusion body lies closely associated with the nucleus 
and profoundly changes its shape and character (Figs. 4 and 5). It is 
bounded by a distinct membrane, inside of which are small, poorly 
defined non-refractile granules which form part of a reticular net- 
work. The granules and reticulum stain with acid dyes but some- 
what more hghtly than the adjacent cytoplasm. A clear, non-stain- 
ing fluid fills the interstices. 

The inclusion bodies vary in size from ix to 10.5 fx. Each one, 
irrespective of size, fies within the clear, non-staining area which 
separates nucleus from cytoplasm. 

The origin of the inclusion bodies is not known; the smallest bod- 
ies thus far identified already occupy the same close proximity to the 
nucleus as the larger ones (Fig. 5 a). Their number in a cell varies 
from one to four and they lie on either side or end of the nucleus. 
The effect on the nucleus is the same in each case, namely, a dep es- 
sion of its wall within which the inclusion body extends. The small 
spheres produce only a slight indentation (Figs. 5A and 5 b), where 
those which are larger in proportion to the nucleus (Figs. 5c and 4A) 
may nearly constrict it in two parts or may flatten the nucleus until 
it finally appears as a deeply staining, pyknotic crescent on one side 
of the inclusion; or in the case of two or more bodies it may be 
crowded into a small, crumpled, irregularly shaped mass compressed 
into the space available between the spheres (Fig. 4 b) . Due to the 
plane of section the cytoplasmic inclusion sometimes resembles an 
intranuclear inclusion (Fig. 50) . When they are large and numerous 
the cytoplasm and the tissue as a whole, as well as the nuclei, appear 
* abnormal. 
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Effect of Centrifugation on the Corneal Cytoplasmic Inclusion 
Bodies: Whirling the comeal tissue at 65 to 70 pounds pressure for 
from 45 minutes to an hour, which is sufficient to displace the intra- 
nuclear inclusions of herpes, does not displace the cytoplasmic inclu- 
sions in relation either to the rest of the cytoplasm or to the nucleus. 

Discussion 

Centrifugation separates cellular elements into strata and thereby 
aids in an analysis of heterogeneous stmctures. The herpetic intra- 
nuclear inclusion is lighter than the nuclear sap or the chromatin; 
therefore, if the inclusion body arose by abnormal multiplication of 
elements, which were already present in the normal nucleus, one 
might expect that this material, being the lightest in the cell, would 
appear at the centripetal pole of the centrifuged normal nucleus. No 
such inclusion body precursor is revealed. Its absence, of course, 
does not preclude the possibility that some element, either chromatin 
or nuclear sap, is transformed into inclusion body material by the 
action of the virus, these materials being consumed in the process 
and consequently decreasing in amount. Evidence for this point of 
view is weakened when by centrifugation it is apparent that the sup- 
posed decrease in chromatin is not as great as it seems to be when 
marginated (Figs, i, 2 and 7). Although no quantitative measure 
has been devised, it appears from the slides and illustrations that 
when all the chromatin of the infected nucleus is brought to one pole 
the amount is only somewhat less than that present in centrifuged 
normal nuclei. Comparison, of course, must be made between nuclei 
at corresponding levels in the epithelium. 

Possible physical antagonism between chromatin and inclusion 
inaterial, suggested by the tendency of basophilic substance to mar- 
ginate soon after the appearance of inclusion granules, finds some 
support under conditions of centrifugation. Examples have been 
noted in which the chromatin mingles with the inclusion material 
wliile passing to the centrifugal pole. However, high magnification 
of one of these. Figure 7B, shows a narrow clear column surrounding 
t e line of migrating chromatin separating it from the adjacent 
inclusion material, indicating that a repeUent force between the 

two substances is still operating even when they are forcibly min- 
gled together. 

The ph^'sical constitution of the infected and normal nuclei is dif- 
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ferent in that the same centrifugal force readily brings all the chro- 
matin to one pole in the inclusion-bearing cells and only partially 
pulls the chromatin of normal cells away from the centripetal end of 
the nucleus. In most instances the chromatin of the normal nucleus 
is not moved at all. A specific gravity of chromatin greater than 
that of the nuclear sap has been found in both plant and animal cells 
(Nemec,^ Beams and King,'’’®'^ Luyet and Ernst,®’ ^ and Scott®). A 
wide variation in the amount of centrifugal force necessary to pro- 
duce the translocation of materials agrees with observations by 
Beams and King ^ on nerve cells. 

The inclusion body itself shows no stratification of materials or 
separation of granules from the fluid which surrounds them. This is 
to be expected since the granules are apparently already packed as 
closely as possible. 

Earlier characterization of intranuclear inclusions of virus origin 
by their acidophilic staining affinities indicated a difference from the 
basophilic staining chromatin. The existence of a difference between 
the two materials has been further emphasized by the Feulgen thy- 
monucleic acid reaction which is positive for mammalian chromatin 
and is negative for inclusions of herpes,® virus III,® and yellow fever.^® 
Likewise, following microincineration, little or usually no mineral 
ash remains in the inclusions of submaxillary gland virus of guinea 
pigs,^^ of yeUow fever, or of well developed herpetic inclusions,^® 
whereas an abundant ash is present from the chromatin. Centrifu- 
gation reveals, likewise, a difference, namely that the inclusion ma- 
terial is lighter than any part of the normal nucleus; all of which 
suggests that the intranuclear inclusion is probably not derived from 
chromatin. 

The corneal cytoplasmic inclusions described do not arise as a re- 
sult of herpetic infection since they occur equally often in apparently 
normal rabbits. Their high incidence makes it probable that they 
persist for relatively long periods of time. Whether they are patho- 
logical is not certain but when by their great number and size they 
distort the nucleus and cytoplasm, as shown in Figure 4, it is difficult 
to regard them as normal cell structures. The distinct membrane 
which surrounds each sphere separates it from the adjacent cyto- 
plasm, but the internal structure is not greatly different. Their prin- 
cipal effect is on the nucleus but the resulting modification on its 
shape and character is not proof of a detrimental influence. The in- 



974 


LUCAS AND HEEEMANN 


dentation of the nucleus calls to mind a similar reaction by vaccine 
virus inclusions in fixed and stained preparations. The shrinkage 
space which surrounds the nucleus and its apposed corneal cyto- 
plasmic inclusion body may be indicative of a perinuclear material 
different from that existing in the remainder of the cytoplasm. This 
agrees with a suggestion by Cowdry,^^ in his study of vaccine virus 
inclusions, that the “appearance is strongly suggestive of shrinkage 
at interfaces between fluids of different consistency and compo- 
sition.” 

No leukocytic infiltration occurs in the region where the corneal 
inclusions occur. Leukocytic infiltration in vaccinia is variable; in 
some cases it may, likewise, be absent from the region in which the 
inclusion bodies are found. 

Summary and Conclusions 

1. Centrifugation of rabbit cornea inoculated with herpes virus 
concentrates the marginated chromatin to the centrifugal pole, 
causes the nuclear sap to form a clear stratum across the middle of 
the nucleus, and moves the inclusion to the centripetal pole. 

2. The concentrated marginated chromatin, when brought to one 
pole, appears to be slightly less in amount than the chromatin of the 
normal nucleus. 

3. Antagonistic forces between chromatin and inclusion body, ex- 
pressed by the phenomenon of margination, is stiU operating when 
chromatin is forced by centrifugation through the inclusion body, in 
that the chromatin in passing through is separated from the granules 
by a distinct space. 

4. Centrifugation of normal nuclei moves the chromatin slightly 
toward the centrifugal pole and the nuclear sap to the opposite pole. 
No substance is concentrated which by its relative specific gravity or 
staining can be regarded as the direct antecedent of the granules 
present in the herpetic inclusion body. 

5. Cytoplasmic inclusions of unknown origin were found in the 
epithelial cells of both normal and infected rabbit corneas. They in- 
dent the nuclear walls and when large, the nuclei become crescentic 
or compressed to a small, irregularly shaped body. The pathological 
nature of the corneal cytoplasmic inclusion body is not yet estab- 
lished. 
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DESCRIPTION OF PLATES 


The photomicrographs were taken by F. W. Kent. The drawings * were 
made by Miss G. L. Larsen. The arrow in Figures i, 2, 6 and 7 points to the 
centrifugal pole. 

Plate 127 

Figs.i and 2. Photographs of the same group of corneal cells in which the in- 
tranuclear inclusions of herpes have been displaced centripetaUy by cen- 
trifuging for 45 minutes at approximately 494,000 times gravity, x 850 
and X 2640. 


* We are indebted to the Graduate School of the University of Iowa for funds for 
the preparation of the drawings. 
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Plate 128 


Fig. 3. A control section from the same cornea as shown in Figures i, 2 and 7, 
showing cells containing intranuclear inclusions of herpes. x 1300. 

Fig. 4. A region of cornea containing numerous cytoplasmic inclusion bodies 
which are of unknown origin, x 1300. 

Fig. 5. Four cells showing the relation of cj^toplasmic inclusions to the nuclei. 
X 1300. 

Fig. 6. Normal corneal cells after centrifuging for one hour at approximately 
494,000 times gravity, x 1300. 

Fig. 7. Drawing of the same group of cells illustrated in Figures i and 2. 
X 1300. 
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Amyloidosis secondary to various chronic diseases is relatively 
common and well known, in contrast with the type regarded as 
atypical in which the condition appears to be primary. About 35 
cases of the latter t3rpe have been reported, chiefly from German 
sources. Of these there are 17 which resemble the t5^e described 
here. Most of them were studied and reported within the past 6 
years. 

The following case is of unusual interest since it is apparently the 
fijst reported to be diagnosed clinically and because of the general- 
ized and extensive involvement of the smooth musculature of the 
cardiovascular system, the mesodermal structure of the lung and 
serous membranes. 

■ Report of Case 

Clinical History: In January, 1933, a female, 41 years of age, first noted in- 
termittent pains in the shoulders and arms, especially at night, aching pains in 
the legs after walking, and later general weakness. A goiter appeared about the 
same time. In May, 1933, sore throat developed with cervical adenitis, fever 
and pain, which necessitated 2 weeks stay in bed. Because the fever persiste 
the patient was sent to a hospital by her physician. An X-ray examination of 
the chest, various agglutination tests and a Mantoux test all gave negative re 
suits. There were, however, albumin (1+) 3^^id a few red cells in the urine, an 
the hemoglobin was said to be 60 per cent. During the summer and autumn of 
1933 weakness persisted, edema of the legs and ankles was noted tow^ evening 
and there was continual low grade fever, tachycardia and malaise. e 
is then blank until July, 1934, when submental swelling was note . ^ e m 
strual periods had been scanty during the previous year and cease in ^ 
1934- In October the tongue was noted to be thick and re an e 
blistered. Weakness, dyspnea on exertion, loss of weight, dysp onia 
Phagia increased. The tongue continued to increase in size and the skin over cue 
chin became hard. The condition was regarded as malignant, ecaus 
progressive nature of the disease and loss of 31 Pounds m weight, the pane 
entered the University Hospital in January, i935- 

* Received for publication July i, i935- 
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On physical examination the patient evidently had lost much weight and 
there was dyspnea and a slight icteric tinge of the skin. The veins of the neck 
were distended and the skin over the chin was thickened, waxy and fixed to the 
underl3dng tissues. Firm, large, tumor-like masses were present under the man- 
dible and the posterior cervical lymph nodes were enlarged and firm. The thy- 
roid gland was diffusely enlarged, The tongue was thickened to about twice the 
normal size, with a red smooth surface indented by the teeth. There was evi- 
dence of pleural effusion and rales were present in the left lung. The heart ap- 
peared to be normal. The systolic blood pressure was 128 and the diastolic 78. 
The liver was palpable but apparently normal. Examination of the pelvis re- 
vealed hard, leathery induration of the clitoris and vulva, thickened, firm vagi- 
nal walls, a hard cervix and an enlarged firm uterus with irregular contour and 
restricted mobility. 

Laboratory Data: Urine normal, no Bence-Jones protein; red cells 5 million 
per cmm., hemoglobin 78 per cent, leukocytes 4900 per cmm. with 77 per cent 
polymorphonuclear cells. Blood Wassermann reaction negative; basal metabolic 
rate -i-12 per cent; sedimentation rate first hour 48 mm., second hour 77 mm. 
The Congo red test was negative as 30 per cent of 125 mg. were removed from 
the blood in i hour. Plasma proteins per 100 cc.: fibrinogen 0.52 gm., euglobu- 
lin 0.38 gm., pseudoglobulin 1,9 gm. and albumin 3.52 gm., giving a total of 
6.32 gm. Mantoux test o.i mg. positive. 

X-ray examination (Fig. i) revealed pleural effusion in both bases, more in 
the left, and a diffuse infiltration throughout both lungs following the broncho- 
vascular trees and suggesting some type of pulmonary congestion of rather ex- 
treme degree or an infiltrating process. There was a large mass in the region of 
the righ hilum. The femurs, pelvis, humeri and skull were negative. 

Clinical Course: The temperature ranged between 37.2° C. and 37.8° C, 
(99° F. to too° F.) until January 17th when peritonitis developed, character- 
ized by chilly sensations, emesis, abdominal distention, fever of 39.7° C, 
(103.4° F.) and 56,000 leukocytes per cmm. Death occurred 6 days later. 

A diagnosis of amyloid disease of the tongue, skin and probably of 
the genitalia and mediastinum, with terminal peritonitis, was made. 
The diagnosis was confirmed by biopsy of the tongue, skin and vagi- 
nal wall. Previous experience and the privilege of studying another 
case with an amyloid tongue which was subsequently reported by 
Michelson and Lynch led to the clinical recognition of the case here 
reported. 

Postmortem Examination 

The right pleural cavity contained a liter of clear fluid, the left was 
partly obliterated. There were no adhesions in the pericardial sac. 
Ihe heart weighed 360 gm. The left auricular wall when cut did not 
collapse and appeared as if frozen or infiltrated with carcinoma. It 
was rubbery, and when bent sprang back into position. The right 
auricle was less involved, while the ventricles, chordae tendineae and 
the root of the aorta appeared to be normal in color and consistence. 
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The right lung weighed ii6o gm., the left 550 gm. There were 
edema and patchy lobular atelectasis, most marked on the left. The 
consistence was unusual and suggested that of frozen lungs; they 
were firm, heavy and did not collapse. Apparently they were not 
consolidated and on the cut surface the alveoli remained open. The 
pulmonary veins were from 2 to 4 mm. thick, stiff and fixed to the 
mediastinal structures. The entire mediastinum was firm, hard and 
fixed. The heart was held firmly in the mass by the greatly thickened 
vessels. The trachea and aorta were similarly fused together as if by 
fibrous tissue, although nothing was found to suggest mediastinitis. 
The lymph nodes were normal. The wall of the lower portion of the 
esophagus was thickened, stiff and did not collapse. There were no 
abnormal changes in the aorta. The tongue appeared as described 
clinically, with its epithelial surface intact. The submaxillary lymph 
nodes were not enlarged. Enlargement of the thyroid gland (150 gm.) 
was due to multiple adenomas. 

The peritoneal cavity showed generalized peritonitis with injected 
serous surfaces and turbid fluid containing fibrin and hemolytic 
streptococci. The spleen (325 gm.) was uniformly dark in color, re- 
sembling the type encountered in long-standing passive congestion. 
A portion tested with iodine and sulphuric acid failed to give the re- 
action characteristic of amyloid substance. The liver (2250 gm.) was 
not remarkable and failed to ^ve the amyloid reaction. 

The kidneys (490 gm.) showed ‘‘flea-bitten” surfaces character- 
istic of acute glomerulonephritis or of embolic nephritis. The hemor- 
rhagic appearance was also found on the cut surfaces. The right 
ureter was normal but the lower third of the left was thickened. Its 
wall and adjacent tissues, including the ovarian vein, were involved 
in an acute inflammatory reaction. This process extended through 
the left broad ligament into the region of the cervix. Edema, small 
pockets of pus and the presence of many hemolytic streptococci indi- 
cated that this was a terminal infection. 

The uterus was enlarged to the size of a 2 months gravid uterus, 
the muscle averaging 4 to 5 cm. in tliickness. It cut ■wnth increased 
resistance. Both cervix and uterus were hard. The vaginal wall was 
remarkably thickened and difiicult to cut. Its appearance and con- 
sistence resembled that of a malignant infiltration. The ovaries v/ere 
hard, sclerotic and atrophic. There was an acute pyo phlebitis of the 
left ovarian vein. 
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No important changes were noted in the stomach, bowel, pan- 
creas, adrenals, urinary and gall-bladder, brain or meninges. 

Anatomical Diagnoses: Amyloidosis of the tongue, heart, lungs, 
esophagus and pelvic organs; acute generalized peritonitis; pulmo- 
nary edema and atelectasis; pleural effusion; phlebitis of the left 
ovarian vein; glomerulonephritis or embolic nephritis; and adenomas 
of the thyroid gland. 

Microscopic Examination 

The sections were stained with hematoxylin and eosin, Mallory’s 
connective tissue stain, azocarmine, Van Gieson’s stain, methyl 
violet, cresyl violet, Congo red, and iodine followed by sulphuric 
acid. Unless stated otherwise, the descriptions are based on the ap- 
pearance of sections stained with hematoxylin and eosin. 

Except for the changes incident to the terminal infection, namely 
phlebitis of the cervical, parametrial and ovarian veins and peri- 
tonitis, the findings centered on the amyloid deposits and connective 
tissue changes. The blood vessels throughout the body showed 
marked deposition of amyloid substance. The increase in size of the 
vessel walls and the resulting distortion of the tissues made it diffi- 
cult in places, especially in the lung, to distinguish between veins 
and arteries. In the cervix and tongue the distinction was fairly 
clear; in the liver, kidneys and heart the identification was easy. As 
far as could be determined, the changes observed were entirely 
limited to the arteries, principally the small and medium sized ves- 
sels. This vascular involvement was present in the subcutaneous 
tissue, fat, loose areolar tissue, peripheral muscle, thyroid, salivary 
glands, larynx, lungs, heart, esophagus, small bowel, liver, spleen, 
adrenals, kidneys, uterus, cervix, ovaries, vagina, bladder and pan- 
creas. The arterioles, such as those entering the glomeruli of the 
kidneys, and the capillary vessels throughout the tissues were 
normal. In the largest vessels, such as the aorta and renal arteries, 
only the vasa vasorum were infiltrated. The degree of involvement 
was not uniform in all the vessels. Those of the tongue, cervix, 
vagina and submucosa of the small bowel were much more exten- 
sively affected than those of other tissues. 

In detail, the wall of the involved vessel was enormously thickened 
(Figs. 2, 3 and 4), three fairly definite layers could be distinguished 
a loose cellular internal zone, a compact relatively acellular or 
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hyaline-like medial layer, and a fibrous, compressed peripheral layer. 
The internal zone was made up of a loose network of fibroblasts with 
a layer of endothehum separating it from the lumen. The peripheral 
layer appeared as though it were the remains of the adventitia com- 
pressed by a greatly enlarged media. In the middle layer only a few 
irregularly grouped nuclei were seen. Among these nuclei were 
masses of homogeneous, eosin-stained substance. Further analysis 
of these tissue changes was made by means of the differential stains 
as described below. 

The size of the lumens was difficult to estimate. The compression 
of the adventitia and the loss of substance between the vessels indi- 
cated that the vessels enlarged peripherally. An estimation of the 
ratio of the diameter of the lumen to that of the entire vessel, there- 
fore, was of no value. The lumen was seldom occluded. The ab- 
sence of patchy atrophy of the kidney such as is seen in sclerotic 
disease of arteries also indicated that very little, if any, occlusion 
took place. 

In addition to the arterial changes there were connective tissue 
changes in the tongue, esophagus, auricles and ventricles. The 
muscle fibers were spread apart by varying amounts of irregularly 
distributed material, partly fibriUar and partly homogeneous (Figs. 5 
and 6). In certain places this material was in wide bands. The 
muscle bundles were not themselves invaded but suffered atrophy 
and replacement, as evidenced by loss of striations, shrinking of the 
bundles and, finally, complete atrophy. In the tongue and auricle 
wall the replacement of muscle took place in a coarse and irregular 
fashion; in the esophagus and ventricle it was fine and evenly dis- 
tributed. 

The lung manifested still another change (Fig. 7). In addition to 
the heavily involved blood vessels there were small bands, rounded 
nodules and irregular plaques of eosin-stained material within the 
alveolar walls. None of the deposits was large enough to fill the 
alveolar space. They were uniformly distributed throughout aU por- 
tions examined from both lungs with scarcely a single microscopic 
field free from involvement. The changes accounted in part for 
the unusual roentgenogram of the lungs and the unusual consistence 
noted in gross. The bronchial mucosa, muscle and lymph nodes 
were not involved. 

A similar eosin-stained substance was found in the serous mem- 
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brane of the spleen, accessory spleen and smaU bowel, but not in that 
of the examined sections from the liver, ovary, utems, lung or heart. 
The thickening was uniform and regular, and was differentiated from 
simple, thickened fibrous peritoneum by the absence of nuclei an y 
the use of special stains. 

The parenchyma of the fiver, spleen, adrenals, pancreas and thy- 
roid, other than the blood vessel changes, showed no significant 
change. The glomeruli of the kidneys showed a terminal glomeru- 
fitis, manifested by slight proliferation of the endothelium. At the 
periphery of several of the arteries in the cervix there were large 
giant cells. The nuclei of these cells were irregularly arranged in the 
center of the cytoplasm. No inclusions or phagocy tosed granules were 
visible. A few small lymphocytes were scattered about the giant 
cells. This collection of multinucleated cells was not found in other 
parts of the body. It may have represented a foreign body reaction 
to the presence of the amyloid. 

Special Staining Methods 

The similarity of staining reactions of the substance, as found in 
the arterial walls and elsewhere, permits inclusive description of the 
study. Of the stains used, Mallory’s connective tissue stain proved 
to be of most value. It was evident that the deposits were composed 
of two different materials. One was an irregularly arranged, rough, 
coarse substance which stained like typical amyloid substance with 
Mallory’s and Van Gieson’s stains, eosin, cresyl violet and methyl 
violet, but failed to stain with Congo red or with iodine and sul- 
phuric acid. This amyloid substance appeared to be embedded in a 
different and more delicate appearing substance, which stained less 
deeply with eosin and did not give the amyloid reaction (Fig. 5)' 
The amyloid substance was found only within the largest collections 
of the latter material. In the ventricular muscle, for example (Fig. 6 ), 
there was extensive strangulation of the fibers by fine strands of the 
delicate appearing substance in which only occasional faintly stained 
areas suggested the presence of t3rpical amyloid substance. On the 
other hand, under the inthna of the auricle, there were wide bands of 
the delicate substance and these contained numerous rough masses 
of amyloid substance. The atypical, delicate appearing material 
which formed the bulk of the deposits between the muscle bundles 
was regarded as “ground” substance. 
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Azocarmine is generally believed to stain both adult collagen and 
its immature or precollagenous form, whereas by Van Gieson's and 
Mallory’s methods only the adult type is stained. The ground sub- 
stance in question did not react like adult coUagen in this respect. It 
did not retain Van Gieson’s or Mallory’s stain, stained faintly with 
eosin but, like premature collagen, was stained deep blue with azo- 
carmine. This behavior, however, does not prove it to be precol- 
lagen. Since amyloid substance is also stained with azo carmine and 
eosin, one may suggest with equal right that the ground substance 
may be the precursor of amyloid substance. The presence in this 
case of amyloid in only the larger, apparently older masses of the 
ground substance was so constant as to suggest strongly that the 
latter material probably was “pre-amyloid.” It is possible also that 
the amyloid substance itself may not be entirely mature in the usual 
sense since it failed to react typically with Congo red or with the 
iodine and sulphuric acid test. One is also led to suspect that the 
“ground” substance increases at the expense of the muscle fibers 
and, as it increases in volume, amyloid appears in the center or old- 
est portion. The pathogenesis of this substance appears to be funda- 
mentally different from that found in secondary amyloidosis. In the 
present case the substance appeared to have been formed and de- 
posited locally whereas in the secondary form it is deposited in or- 
gans and areas especially designed for the removal of normal or ab- 
normal excess substances from the circulating blood. The relation of 
the substance to “hyalin” was widely discussed 30 years ago, but 
until further chemical studies are made little progress can be made 
in this regard. 

Discussion 

Aside from Wichmann’s ^ comprehensive survey in 1893 in which 
amyloid disease was classified into local and generalized forms, no 
attempts at further classification were made until Lubarsch’s ® paper 
appeared in 1929. Lubarsch recognized an essential difference be- 
tween various forms and grouped them into the typical or commonly 
recognized form and the atypical (systematized) form into which 
group the present case falls. Since then numerous terms have been 
introduced, some of which seem to confuse rather than clarify the 
classification. Terms such as typical, genuine, classical, visceral, 
generalized, orthochromatic, pericapillary, periglandular and so on 
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are applied to the common form of amyloid disease which often fol- 
lows chronic illness. The atypical form is described as primary, un- 
usual, idiopathic, systematized, paramyloidosis, and so on. Several 
separate groups are proposed to accommodate variations such as 
tumor-forming amyloidosis, variations in staining properties, and 
according to the locahzed distribution of amyloid substance. The 
terms “typical,” “genuine” or “classical” are justified only to the 
extent that they signify the form of disease first studied and more 
commonly encountered. The terms “visceral,” “generahzed,” 
“systematized” or “localized” may apply to either form of the 
disease. The adjective “unusual,” or “paramyloidosis,” are point- 
less and until more knowledge of the chemistry of amyloid protein 
or proteins is attained, subdivision on the basis of staining reaction 
is of httle value. A simple clinicopathological classification is as 
follows: 


I. Primary amyloidosis 
II. Secondary amyloidosis 
ni. Tumor-forming amyloidosis 
IV. Amyloidosis associated with multiple myeloma. 

Even this proposal is not entirely satisfactory because of the fre- 
quent overlapping of characteristics. For example, von Bonsdorff’s 
case ^ apparently primary with multiple amyloid tumors, resembled 
the type which accompanies multiple myeloma. In Gerber’s ® case 
of the “typical” form there was extensive involvement of the bone 
marrow. In the case reported by Michelson and Lynch,^ presumably 
one of multiple myeloma, amyloid substance was distributed as in 
the primary form, but except for Bence-Jones proteinuria and doubt- 
ful X-ray evidence it is, however, uncertain, without autopsy evi- 
dence, if myeloma actually existed. In general, however, certain 
differences are quite constant. 

I. The primary form is characterized by {a) absence of preceding 
disease, (h) no involvement of organs or tissue usually affected in the 
secondary form, (c) involvement of mesodermal tissue, cardiovascu- 
lar system, gastro-intestinal tract, smooth and striated muscle and 
l3Tnph nodes, id) variation in staining reactions and ie) tendency to 
nodular deposits. This form is thoroughly discussed by Strauss.® 

II. The secondary form usually follows chronic disease and is 
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characterized by large deposits, especially in the spleen, liver, kid- 
ney and adrenals, and by typical staining reactions. 

III. Tumor-forming amyloidosis has been especially studied by 
von Bonsdorff . This form is characterized by the presence of small, 
solitary or multiple tumors in the eye, bladder, urethra, phar3mx, 
tongue and especially in the respiratory tract. It is usually of the 
primary type but is distinctive enough to be grouped separately. 

IV. Amyloidosis occurring with multiple myeloma is in a class 
apart. It is secondary in nature but the distribution and character 
of the deposits frequently resemble those of the primary form except 
that huge deposits may occur in the joints and elsewhere. The spleen 
and liver are seldom infiltrated. Small deposits are occasionally 
found in blood vessels of the heart, spleen, and elsewhere. Thirty- 
seven cases of the latter group have been surveyed by Magnus- 
Levy.'^ 

There have been thus far about 35 cases reported which fall into 
Group I 17 of these resemble more or less the case reported here, 
while in the remainder the amyloid substance was localized to one or 
two organs, as in the cases reported by Beneke and Bonning, Lan- 
dau, Beckert, Kann, Beneke, Konigstein, Budd, Brocher and Hum- 
phreys.® Picchini and Fabris’ and Gottron’s cases were almost 
identical with ours. 

The clinical characteristics of cases included in Group I are fairly 
characteristic. The disease is apparently primary in nature, occurs 
in middle-life or later, and is characterized chiefly by involvement of 
the skin, tongue and smooth and voluntary musculature. The skin, 
usually of the face and neck is thickened and stiff, the tongue and in- 
volved muscles become greatly enlarged and firm. Infiltration of the 
intestine results in diarrhea or constipation and occasionally hemor- 
rhage. Hemorrhages may occur into the skin and elsewhere. In- 
volvement of the mediastinum, lungs and heart may result in dysp- 
nea or heart failure. 

Weakness and loss of weight are frequent but the blood pressure 
is seldom affected. Death from renal insufficiency, as occurs in the 
secondary form, has not been reported. The Congo red test was posi- 
tive in Gottron’s case but negative in von Bonsdorff s and our own. 

HistologicaUy the characteristics are striking in respect to the gen- 
eralized involvement of the smooth and striated musculature, espe- 
cially of the cardiovascular system, gastro-intestinal and genito- 
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urinary tracts, tongue and diaphragm. Involvement of the central 
nervous system has not been reported. The media of small or me- 
dium sized arteries is chiefly affected. 

In muscle tissue amyloid deposits occur between the fibers and in 
the connective tissue spaces in the form of bands, masses or nodules. 
Deposits may be found in sebaceous and sweat glands, in the loose 
connective tissue around the aorta, in tendon sheaths, in the alveolar 
walls of the lung and elsewhere. With special stains the substance 
may react like “typical” amyloid substance, but usually atypically, 
weakly or not at all. 

The etiology of primary amyloidosis is unknown. Strauss cited a 
number of associated diseases, but in practically all cases, as in our 
own, these appeared to be incidental or terminal. Letterer ® sug- 
gests the involvement of an antigen-antibody reaction but in the 
reverse sense as compared with the reaction presumed to exist in 
the secondary form of amyloidosis. According to Wichmann ^ and 
Schmidt the process in general resembles infiltration more than it 
does disintegration or degeneration, since the organs involved usu- 
ally increase in size and weight without evidence of intracellular de- 
posits. In our own case, exclusive and widespread involvement of 
tissue of mesodermal origin and histological evidence of the local 
ori^ of the amyloid substance strongly implicated some unknown 
change, perhaps in the nature of generalized metabolic perversion of 
tissue of this particular origin. 

Summary 

A case of primary amyloidosis of 24 months duration is reported. 
After an incidental respiratory infection there was continual low- 
grade fever, progressive weakness, loss of weight and slight evidence 
of cardiac failure. Swelling of the tongue was noted 15 months later 
and death was caused by acute peritonitis. A clinical diagnosis of 
amyloidosis was made and confirmed by biopsy and autopsy. The 
Congo red test was negative. 

The striking patholo^cal change was amyloidosis limited to tissue ’ 
of mesodermal ori^n, notably the smooth musculature of the me- 
dium sized arteries of all of the organs and tissues examined, the 
mesodermal structures in the lung and the serosal surfaces. 

A simple classification of amyloid disease is presented with special 
reference to the type regarded as primary in nature. 
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DESCRIPTION OF PLATES 
Plate 129 

Fig. I. Roentgenogram showing diffuse amyloid infiltration of mediastinum 
and lungs. 

Fig. 2. Arteries of cervix. The media is enormously enlarged by amyloid 
substance which displaces the nuclei irregularly. The intima is a loose net- 
work of fibroblasts with a layer of endothelium. The adventitia is partly 
obliterated, as if by pressure. Hematoxylin-eosin preparation, x 150. 

Fig. 3. Arteries of tongue showing changes similar to those described in Fig- 
ure 2. The muscle fibers are spread apart by amyloid. 
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Plate 130 

Fig. 4. Arteries of liver showing same changes as those in Figs. 2 and 3. x 150. 

Fig. 5. Tongue. Large- masses of amyloid substance replace and displace the 
muscle fibers. Methyl violet stain, x 60. 

Fig. 6. Heart. Left ventricle stained with azocarmine. There is diffuse atrophy 
of the muscle due to pressure of a substance which stained like immature 
collagen; in sections stained with methyl violet the larger deposits also gave 
a faintly positive reaction like amyloid substance, x 250, 

Fig. 7. Lung. There are large and small masses of homogeneous material, the 
central portion of which stained like amyloid substance. The arrows indi- 
cate plaques or beads of the substance in the alveolar walls. Hematoxylin- 
eosin stain, x 300. 
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SPONTANEOUS RUPTURE OF THE PULMONARY ARTERY * 

James B. McNaught, M.D., and William Dock, M.D. 

» 

{From Ihe Department of Pathology and the Departme7tt of Medicine, Sta^iford University 
School of Medicine, and the Department of PttUic Health of San Francisco, 

Sail Francisco, Calif.) 

Spontaneous rupture of the pulmonary artery implies a break in 
the continuity of the vessel wall which occurs without evidence of , 
trauma, aneurysm, or gross extrinsic pathological changes. 

Among the extrinsic causes of perforation of this large vessel are 
those producing erosion of the wall from the external surface, such as 
tuberculosis, inflammation, or malignant changes in the surrounding 
structures. Fittje ^ reported a case of a 34 year old male where death 
was due to hemorrhage caused by erosion of a necrotic gumma into 
the pulmonary artery. Clerc, Bascourret and Froyez,^ Bonte,® and 
Sternberg^ described ruptures of luetic aortic aneurysms into the 
pulmonary trunk. 

Traumatic ruptures of the pulmonary artery may be caused by 
crushing of the thoracic cage, stab wounds, gunshot wounds and so 
on. Marble and White ® reported death in a young army officer from 
multiple pulmonary hemorrhages 5 months after a gunshot wound in 
the chest. Autopsy showed a traumatic aneurysm of the right pul- 
monary artery with a valve-like opening connected with a bronchus. 

Henschen,® Posselt,^ Wahl and Gard,® and D’Aunoy and von 
Haam,® in a thorough search of the literature up to 1933 collected 
87 cases of pulmonary aneurysm involving some portion of the trunk 
or its two main branches. In 10 of these cases death was due to rup- 
ture of the aneurysm. Two were of the dissecting type. A dissecting 
aneurysm is not a true aneurysm in the usual sense, but is formed by 
the escape of blood into the wall of a vessel leading to the separation 
of the coats. Dissecting aneurysms of the aorta have been reported 
many times,^®’’^^’^^ and 9 cases have been found in 6800 autopsies by 
the Department of Pathology of Stanford University. Spontaneous 
rupture of a vessel may lead to the formation of a t5rpical dissecting 
aneurysm unless the rip is so complete that death ensues immedi- 
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Received for publication June 8, 1935. 


989 



990 


McNAUGHT AITO DOCK 


ately. On the other hand, a dissecting aneurysm may be the in- 
itiating factor in a complete rupture. These two conditions are 
similar, are probably the results of the same underlying pathological 
processes, and the two terms are often used interchangeably. 

The occurrence of a spontaneous rupture of the pulmonary artery 
with slight dissection and fatal hemorrhage into the pericardium is so 
rare that a search of the available literature reveals only 2 cases 
at all similar to the following. 

Report of Case 

Clinical History: Lane Hospital No. 167579. The patient was an American 
widow, 44 years of age, who gave no history of rheumatic fever or chorea. There 
had been a normal pregnancy at the age of 18. At 28 she developed congestive 
heart failure with ascites and edema. After 6 weeks bed rest she continued to 
work for 9 years. Another brief period of failure occurred at 37, and a more 
severe one at the age of 38 years, when she was brought into Lane Hospital. Her 
condition during this attack was reported because of the development of a curi- 
ous heart rhythm.^® Although continually disabled, she did not have medical 
care from her 38th until her 44th year, when she was again brought into the 
hospital, stuporous, deeply cyanotic, with severe dyspnea and markedly dis- 
tended neck veins. Ascites and liver enlargement had been present for years. 
On her first hospital entry the liver was large and pulsating, but 6 years later it 
was hard and easily movable. She improved during 15 days in the hospital but 
died in her sleep. 

Physical Examination: The heart was huge, and by X-ray had a “mitral” 
shape, with slight dilatation of the aorta, and a prominent pulmonic arch. 
The rhythm was regular except for the episode occurring during her first 
hospital entry There was a loud diastolic murmur at the apex and in the 
second and third left interspaces close to the sternum; no systolic murmur was 
present. The apex beat moved with respiration and change of chest position. 
The blood pressure was 130/ go. Although the neck and facial veins were dis- 
tended, they pulsated very little. The absence of orthopnea over a 6 year 
period in this deeply cyanosed patient with a huge heart, large liver and dis- 
tended veins was most remarkable, as also was her continued activity for 16 
years after the first onset of congestive failure. 

Laboratory Data: The electrocardiogram was that of right axis deviation with 
P waves broad and notched. Blood, urine and Wassermann tests were not re- 
markable. 

Diagnosis: Mitral stenosis. Tricuspid insufficiency was suggested by several 
examiners, but none mentioned tricuspid stenosis. 

Autopsy Report 

An autopsy (No. XXXVI-397) performed 12 hours after death 
showed the body of a small, well developed, poorly nourished female 
of about 45 years of age, weighing about 100 pounds. Livor mortis 
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was marked, as was cyanosis of the head, neck and shoulders, with 
the neck veins distended to 2.25 cm. in width. A moderately soft 
nodule 3 cm. in diameter was palpable on the right side of the neck 
apparently attached to the thyroid gland. The chest was flat and 
symmetrical. The abdomen was moderately distended with fluid. 
The extremities were wasted and free of edema. 

Both pleural cavities were free of adhesions, but the left contained 
200 ml. and the right 1500 ml. of thin, slightly bloody fluid. The 
striking finding was the pericardium distended with 1000 ml. of dark 
clotted blood. The heart chambers were coUapsed, except for a 
markedly distended right atrium filled with clot similar to that in the 
pericardium. The venae cavae were each dilated to 4.5 cm. in di- 
ameter and filled with dot. The pectinate musdes of the right 
atrium were hypertrophied to 0.6 cm. in diameter. The tricuspid 
valve measured 10 cm. in circumference about the base, but the 
cusps were moderately thickened with fibrous tissue and adherent, 
forming a rigid, circular stenotic opening 1.5 cm. in diameter and 
5 cm. in circumference (normal 12 cm.). The right ventride was 
markedly dilated and formed half the apex; the musde was firm and 
hypertrophied to 0.9 cm. at the base, with large papillary musdes 
1 cm. in diameter. The pulmonary valve was normal, 7 cm. in cir- 
cumference. The pulmonary artery measured 9 cm. in circumfer- 
ence I cm. above the valve; the wall was 0.15 cm. thick and the 
intima was roughened by scattered atheromatous plaques, the larg- 
est 1.2 cm. in diameter. The left branch measured 7.5 cm. in circum- 
ference and the right 6.5 cm. with similar atheroma. In the left lateral 
wall of the -pulmonary trunk was a fresh, jdgg^d, longitudinal^ separa- 
tion of the intima and a portion of the media measuring 7 length 

extending from the base of the valve upward toward the left branch 
through one of the atheromatous patches (Fig. i). Two cm. above the 
valve the rupture was complete with a i cm. opening through t e 
adventitia and pericardium. Here the adjacent tissues were slightly 
hemorrhagic. The lateral separation of the media extended o y 
1.5 cm. from the tear in its widest dissection. The whole appeared to 
be fresh as though the result of an instantaneous rupture. The left 
atrium was moderately dilated and the musde h)q)ertrophie to 
4 mm. The mitral valve measured 7 cm. about the base, the cusps 
were adherent and fibrous, forming a rigid circular orifice 2.5 cm. m 
circumference (normal 10 cm.). The left ventricle was norma m 
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size, musde slightly flabby, i cm. in thickness at the base, with no 
visible scarring. The aortic valve was normal, 6.5 cm. in circum- 
ference. The aorta measured 7.5 cm. in circumference i cm. above 
the valve, with slight atheroma at the base, but the arch was normal. 
There was also slight atheroma of the thoracic and abdominal aorta 
and of the coronary arteries. The heart with short lengths of the 
great vessels weighed 435 gm. 

Both lungs contained small apical scars. The right was almost 
completely collapsed. The left was pink and air-bearing. Neither 
showed a noticeable increase in fibrous tissue. The large branches of 
the pulmonary artery were moderately atheromatous. 

A moderately soft, globular, well eiicapsulated tumor 2.5 cm. in 
diameter projected laterally from the right lobe of the thyroid gland. 

The peritoneal cavity contained 2000 ml. of clear, pale yellow 
fluid. The abdominal viscera were markedly congested. The spleen 
weighed 450 gm. The left kidney was h)^oplastic, measured 7.5 by 
2.5 by 2.5 cm., and weighed 35 gm. The right kidney measured 
13 by 5-5 by 4 cm. and weighed 210 gm. Both showed old flat in- 
farct scars. There was a slight cervical erosion and a small subserous 
fibromyoma of the uterus. In addition to marked congestion the 
gastro-intestinal tract revealed a healing puckering ulcer in the mid- 
portion of the lesser curvature of the stomach, and dark brown pig- 
mentation of the large bowel (melanosis coli) . The liver measured 
25 by 18 by 8 cm. and weighed 1650 gm. The surface was roughened 
by numerous nodules varying from 0.3 to 3.5 cm. in diameter and 
cut with considerably increased resistance. The cut surface showed 
a marked passive congestion and atrophy with extensive fibrosis, 
also dilatation of the portal veins. The adrenals and pancreas were 
normal. 


Microscopic Examination 

Histological sections of all organs were examined. Summaries of 
the more pertinent are as follows: 

Sections of the pulmonary artery showed the tear extending 
through all layers including the pericardium (Fig. 2). The slight 
lateral dissection was between the fibers of the outer fifth of the 
media which were spread apart by the blood clot (Fig. 3). Small, 
Upical atheromatous intimal plaques were present. The media con- 
tained irregular spaces filled with an acellular, homogeneous-staining 
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mucoid material which disrupted the normal pattern of elastic fibers, 
muscle and fibrous tissue (Fig. 4). The nuclei were absent in the tis- 
sues surrounding these spaces, and many fat droplets were present. 
The muscle was decreased in amount, the elastic fibers were farther 
apart, some thicker than normal, others frayed and fragmented. 
Fibrous tissue crowded the elastic fibers apart and replaced them in 
moderately large areas, especially near the adventitia. The adven- 
titial and subpericardial tissue near the rupture was heavily infil- 
trated with red blood cells. Small areas of early thrombus formation 
showed marked fibroblastic proliferation with many round cells, 
plasma cells and scattered eosinophiles. The arteriolar walls of the 
adventitia and outer media were thickened by intimal proliferation 
so that the lumens were more than half occluded in some instances 
and the venules were distended with blood. There was slight round 
cell infiltration of the vasa vasorum. The picture suggested that the 
pathological process had been present in the outer wall of the pul- 
monary artery prior to the fatal rupture. Giemsa, acid-fast, and 
spirochete stains revealed no organisms. 

A section through one of the larger intimal plaques in the pul- 
monary artery away from the line of rupture showed rather marked 
intimal thickening due to acellular hyalinized fibrous tissue with 
fatty degeneration, necrosis and cholesterin crystals extending into 
the media. The media was thinner, with fewer elastic fibers and 
more definite breaks in continuity beneath the plaque than in other 
areas (Fig. 5). The adventitia was normal except for marked con- 
gestion. 

Sections of the liver typified varying degrees of “cardiac cirrhosis 
ranging from dilatation and congestion of the central veins and 
sinusoids, with atrophy and apparent increase in central lobular 
fibrous tissue, to areas of marked fibrosis with obliteration of the 
lobules, leaving scars causing depressions in the liver capsule with 
intervening h3q)ertrophic nodules of liver tissue. The periphery o 
the nodules was not invaded by cellular fibrous tissue as in the or 

dinary type of nodular cirrhosis. 

The thyroid nodule was a well encapsulated, fetal type o a e 
noma. The stomach showed a benign fibrosing ulcer. 

The lungs were normal except for slight edema and scattere 
areas of hemosiderin-laden phagocytes. There was no materia in 
crease in fibrous tissue. The walls of the arterioles were norm u 
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the intima of the larger arteries showed thickened fibrous plaques 
with fatty changes. 

Anatomical Diagnoses: Chronic endocarditis with mitral and tri- 
cuspid stenosis and insufficiency; marked right sided cardiac hyper- 
trophy and dilatation; slight dilatation of the pulmonary artery; 
moderate pulmonary sclerosis; fatal rupture of the pulmonary artery 
with hemopericardium; marked “cardiac cirrhosis”; generalized 
passive congestion; fetal adenoma of the thyroid; healing ulcer of the 
stomach; hypoplasia of the left kidney; old infarcts of both kidneys; 
melanosis coli; endocervicitis; fibromyoma of the uterus; and healed 
apical pulmonary tuberculosis. 

Discussion of Literature 

The etiology of spontaneous ruptures and dissecting aneurysms of 
large vessels has long been in dispute, and the theories as to the 
mechanism of their development are varied. Since these conditions 
are practically limited to the aorta, the theories have evolved about 
their occurrence in this vessel. A typical dissecting aneurysm begins 
in the ascending portion of the aorta with a transverse tear through 
the intima and outer two-thirds of the media with blood dissecting 
between the medial layers. The splitting may involve the entire 
aorta and extend into the iliac arteries. Commonly the blood rup- 
tures externally into the pericardium, pleura or mediastinum with 
death of the patient, but it may rupture back into the lumen, or may 
heal, and the patient may live normally for many years.^® Spontane- 
ous rupture is a term best reserved to describe those cases of sudden 
death due to the bursting of a large vessel with very little gross evi- 
dence of the cause of the fresh tear and but slight dissection. The 
fundamental processes of these two conditions are probably the 
same. 

Laennec reported primary rupture of an atheromatous intima 
as the cause of dissection in the aorta. Peacock was unable to pro- 
duce the lesion in normal aortas by increased pressure in the lumen 
but dissection occurred when the intima was damaged transversely 
to the long axis of the vessel. In 1852 von Rokitansky empha- 
sized degenerative changes in the media and since that date many 
writers have favored medial changes with high blood pressure and 
primar}^ rupture of the intima as essential factors. The medial dam- 
age has varied from inflammatory changes with destruction of the 
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elastic fibers to minute hemorrhages, tears and muscular atrophy. 
Lifvendahl^® reported three cases of spontaneous rupture of the 
aorta with uniform changes consisting of an intimal tear at the base 
of the aorta, high blood pressure, renal arteriosclerosis and syphilitic 
mesaortitis. He emphasized the absence of extensive gross changes 
in the aorta but found considerable microscopic destruction. Tyson 
in 1931 reviewed the many theories and in reporting 5 cases, among 
which were 3 with intact intimal fining of the aorta, agreed that dis- 
secting aneurysm is dependent upon degenerative changes of the 
medial coat, probably due to obliteration of a large number of vasa 
vasorum from arteriosclerosis or a low grade inflammatory process. 
He postulated the formation of a hematoma, formed by rupture of 
one or more vasa vasorum, which split apart the medial fibers with 
secondary intimal tears. 

The aortic and pulmonary trunks are histologically quite sunilar, 
but it is a fact that atheroma, s)q)hifis and aneurysm are common in 
the aorta and rare in the pulmonary artery. Possibly the natural 
differences in blood pressure and the variations in carbon dioxide 
and oxygen content of the blood in each are pertinent. 

Discussion op Cases 

Duffield made no suggestion as to the etiology in his case of dis 
secting aneurysm of the pulmonary artery. This was a 50 year old 
female with pulmonary and tricuspid insufficiency , right heart dila 
tation and hypertrophy, dissecting aneurysm of the right pulmonary 
artery the size of a “duck’s egg,” containing fibrinous clot, aneurys 
mal dilatation of the left pulmonary artery without (fissection, a 
vanced atheromatous degeneration and hemopericardium. 

The case reported by Durno and Brown was that of a 33 year 
old male who died in his sleep. The pulmonary artery mt its two 
main branches and a patent ductus arteriosus were uni o y 
lated, the walls showing large plaques of atheroma. ^ ^ 
cation of the pulmonary artery the intima and^ me la 
through, forming a small dissecting aneurysm which a urs 1 
the pericardium. The right ventricle was marke(fly 
They explained the etiology by atheroma and hig 00 pressu 

caused by the patent ductus arteriosus. , 

The mechanism of rupture in our case can only e conjec 
The tear must have caused almost instantaneous ea 
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tamponade. The sharp edges of the tear and the slight lateral dis- 
section indicated a fresh rupture which must have been the result of 
high pulmonary arterial pressure and weakness of the vessel wall. 
The etiology of the medial and adventitial changes may have been 
the partial obliteration of the vasa vasorum, either by localized ar- 
teriosclerosis or the inflammatory process responsible for the valvu- 
lar stenoses, with the resultant degeneration of the wall of the pul- 
monary artery as seen in the microscopic sections. Along the line of 
the medial adventitial junction small areas of early thrombus forma- 
tion with marked fibroblastic proliferation and round cells suggested 
that hemorrhages had occurred there prior to the fatal rupture. 
Tyson’s theory of hematoma formation before the rupture of the 
inner wall may have played some slight part in this picture. 

The marked tricuspid stenosis with the resultant h3rpertrophy and 
dilatation of the right atrium and vena cava undoubtedly gave origin 
to the large pulsating liver observed several years previous to the 
patient’s death, and also to the smaller, firm nodular liver found at 
autopsy. In gross and histologically, the hver showed a marked 

cardiac cirrhosis” type V of Lambert and Allison.^^ 

These 3 cases are similar in that aU showed dilatation of the pul- 
monary trunk with atheroma, hypertrophy of the right side of the 
heart, and fatal hemorrhage into the pericardium through rupture 
of the pulmonary artery. No microscopic examinations were re- 
ported in the first 2 cases. 

Clinical and Pathological Correlations 

King ^ first noted that tricuspid insufl&ciency due to distention of 
the right ventricle in mitral stenosis led to a decrease in pulmonary 
congestion by the reflux into the atrium and systemic veins. Tri- 
cuspid stenosis obviously has a srmilar or even more marked effect on 
decreasing the blood flow into the lungs. This probably explains the 
absence of orthopnea in the patient in spite of the very high systemic 
venous pressure and also why she was able to five 16 years after her 
first attack of heart failure with such severe valve lesions. In this 
case the clinicians failed to recognize the tricuspid lesion from its 
effects on the circulation, even though the position of the diastolic 
murmur suggested such a lesion to one examiner. It should be re- 
emphasized that tricuspid injury must be considered in a patient 
with chronic endocarditis who has intense cyanosis or venous en- 
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gorgement -witliout orthopnea and with relatively little dyspnea 
when at rest. In such a case the absence of vigorous pulsation of 
neck veins points to a physiological stenosis, not insufficiency. Al- 
though the clinical result of the tricuspid lesion is to diminish 
pulmonary inflow, in this case there was definite pulmonary hyperten- 
sion as a result of the noitral lesion. But the gross changes in the pul- 
monary artery were slight and the sudden separation of the intima, 
in this case as in many cases in which the aorta is involved, cannot be 
explained merely b}’’ the chronic lesions of the artery which precede 
it, or by pulmonary hypertension. Just as thousands of aortas are 
subjected to severer stress or have more advanced degenerative 
lesions than the one that develops dissecting intramural lesions, so 
also hundreds of pulmonary arteries, subjected to higher pressure 
and higher pulse pressures by patent ductus or pulmonic fibrosis, 
withstand these stresses even after marked atherosis has developed. 

The areas of the valve openings, in this case, were for the tricuspid 
1.8 cm., pulmonic 3.9, mitral 3.9, aortic 4.3. The rigid mitral and 
tricuspid valves obviously must have been open during systole. As 
the pressure in the large arterial trunks is higher than in the auricles, 
a mitral opening nearly as large as the aorta must have permitted 
about as much blood to flow back into the auricle and pulmonary 
veins as entered the aorta at each beat. Curiously enough, there was 
no systolic apical murmur, which indicates that one cannot gauge 
mitral insufficiency by the heart sounds, or recognize pure stenotic 
lesions by the faintness of the systolic as contrasted with the dias- 
tolic apical murmur. Even with some pulmonic hypertension, the 
pulmonary pressure is much lower than the aortic, and with systolic 
apertures in the auriculo-ventricular valves bearing the same rela- 
tion to arterial openings, reflux into the right auricle will be less than 
on the left. Here the tricuspid valve was less than half as large as 
the pulmonic, so that systolic reflux was less than half as great into 
the right auricles as into the left, while the impediment to diastolic 
inflow was twice as great. The anatomical findings point, therefore, 
to a tricuspid lesion which was physiologically stenotic in its effects. 

Summary and Conclusions 

I. A case of sudden death from a spontaneous rupture of the pul- 
monary trunk in a female 44 years of age who had suffered periods of 
marked cardiac decompensation for 16 years is presented. 
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2. Gross changes in the pulmonary trunk were inadequate to ex- 
plain the rupture, but microscopic alterations of a degenerative 
nature were rather marked. These in combination with increased 
pulmonary arterial pressure must be considered as the cause of the 
rupture. 

3. The tricuspid stenosis probably explains the absence of or- 
thopnea, and also the fact that the patient hved so many years in 
spite of chronic heart failure and cyanosis. 

REFERENCES 

1. Fittje, H. Verblutung aus der durch zerfallendes Gumma eroffneten Piil- 

monalarterie. Inaug. Diss., Kiel, 1904. 

2. Clerc, A., Bascourret, M., and Froyez, R. Commimication entre Faorte et 

I’artere pulmonaire par rupture d’anevrysme, avec survie de plus de 
quatre ans. Bull, et uiem. Soc. m 6 d. d. hop. de Paris, 1931, 55, 1288-1293. 

3. Bonte, P. Communications entre Faorte et I’artere pulmonaire sans per- 

sistance du canal arteriel. Thesis de Paris, Paris, 1929. 

4. Sternberg, Hermann. Ueber zwei Falle von Durchbruch der Aorta in die 

Arteria pulmonalis. Wien. klin. Wchnschr., 1919, 32, 1024-1026. 

5. Marble, H. C., and White, P. D. Traumatic aneurysm of the right pul- 

monary artery. J. A. M. A., 1920, 74, 1778. 

6. Henschen, S. E. Das Aneurysma arteriae pulmonalis. Samml. klin. Vortr., 

Leipzig, 1906, N. F., No. 422-423; Dm. Med., No. 126-127, 595-^5S‘ 

7. Posselt, A. Die Erkrankungen der Lungenschlagader. Ergebn. d. allg. 

Pathol, u. path. Anat., 1909, 13, 298-526. 

8. Wahl, H. R., and Card, R. L. Aneurism of the pulmonary artery. Surg. 

Gynec. Obst., 1931, 52, 1129-1135. 

9. D’Aunoy, R., and von Haam, E. Aneurysm of the pulmonary artery with 

patent ductus arteriosus (Botallo’s duct). J. Path. &• Bact., 1934, 38, 
39-60. 

10. Peacock, T. D. Report on cases of dissecting aneurism. Tr. Path. Soc. 

London, 1863, 14, 87-99. 

11. Moosberger, W. Zur Symptomatologie des Aneurysma dissecans. Schweiz. 

mcd. Wchnschr., 1924, 5, 325-330. 

12. Tyson, M. D. Dissecting aneurysms. Am. J. Path., 1931, 7, 581-603. 

13. Duffield, John F. Aneurism of right and left pulmonary arteries; pul- 

monary insufficiency; dilatation of the right ventricle. Am. J. M. Sc., 
1882, 83, 77-82. 

14. Dumo, L., and Brown, W. L. A case of dissecting aneurysm of the pul- 

monary artery; patent ductus arteriosus; rupture into the pericardium. 
Lancet, 1908, i, 1693-1694. 



SPONTANEOUS RUPTUEE OE PULMONARY ARTERY 999 

15. Dock, William. The reciprocal rhythm. Arch. Int. Med., 1928, 41, 745- 

753 - 

16. Hall, E. M. Healed dissecting aneurysm of the aorta. Arch. Path., 1926, 

2, 41-49- 

17. Laennec, R.-T.-H. A Treatise on the Diseases of the Chest, translated by 

John Forbes. Samuel Wood & Sons, New York, 1830, Ed 3, 686. 

18. Peacock, T.B. An account of some experiments illustrative of the mode of 

formation of the dissecting aneurisms. London Edinburgh Monthly J. 
Med. Sci., 1843, 3, 871-878. 

19. Von Rokitansky, Carl F. A Manual of Pathological Anatomy, translated 

by G, E. Day, Blanchard & Lea, Philadelphia, 1855, 4, 234, 

20. Lifvendahl, R. A. Spontaneous rupture of the aorta. Arch. Path., 1929, 

8, 200-212. 

21. Lambert, R. A., and Allison, B. R, Types of lesion in chronic passive con- 

gestion of the liver. Bull. Johns Hopkins Hosp., 1916, 27, 350-356. 

22. King, T. W. An essay on the safety-valve function in the right ventricle of 

the human heart. Guy’s Hosp. Rep., London, 1837, 2, 104-141. 



DESCRIPTION OF PLATES 


Plate 13 i 

Fig. I. Photograph of the pulmonary trunk showing the longitudinal rupture 
extending from the valve into the left branch. 

Fig. 2. Photomicrograph of the tear extending through all layers of the pul- 
monary trunk and pericardium. Elastic tissue stain, x 10. 
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Plate 13 2 

Fig. 3. Photomicrograph of the tear through the intima and inner four-fifths 
of the media ^vith lateral dissection. Elastic tissue stain, x 10. 

Fig. 4. Photomicrograph showing irregular spaces filled with acellular mucoid 
material which disrupts the normal pattern of the media. Elastic tissue 
stain. X 80. 

Fig. 5. Photomicrograph showing marked intimal thickening with thinning 
and breaks in the continuity of the media of the pulmonary trunk. Elastic 
tissue stain, x 80. 
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NEUROFIBROMA OF THE PHARYNX ASSOCIATED WITH 
VON RECKLINGHAUSEN’S DISEASE* 

A. Hobson Davis, M.D. 

{From ihe Department of Pathology, Paterson General Hospital, Paterson, N. J,) 

Von Recklinghausen’s disease, frequently referred to as neuro- 
fibromatosis, is characterized by multiple tumors of the nerves, 
mollusk-like skin tumors, pigmentation of the skin and elephantoid 
thickenings, isolated or in groups. The disease picture is frequently 
associated with other malformations and anomalies such as epispa- 
dias, ciyptorchidism, uterus bicornis, polythelia, malformation of the 
kidneys, bones or muscles, and dwarfism or infantilism.^ 

According to Ewing ^ the cause of neurofibromatosis is not known, 
but it is assumed that such lesions are the result of a congenital mal- 
formation of the ectoderm, which under any one of a great variety of 
exciting causes may slowly or rapidly develop one or more of the 
manifestations of the disease. The work of Hoekstra ® on the inher- 
itance of this disease supports the idea of a dysontogenetic origin. 

Primary pharyngeal neurofibromas developing either as a mani- 
festation of von Recklinghausen’s disease or as solitary tumors are 
extremely rare. Primary tumors of the oral cavity or pharynx aris- 
ing from the nervous system or containing nerve elements are also 
rare. Neurofibromas developing about the face and neck most fre- 
quently occur in association with generalized neurofibromatosis and 
may secondarily bulge into the oral cavity. 

Fibrous tumors are not common in the oropharynx and are to be 
distinguished from those in the nasopharynx. Those in the oro- 
pharynx are usually described as simple fibromas but they are prob- 
ably never pure fibromas, the fibrous tissue usually being mingled 
with fat cells in variable amounts.^ 

New and Childrey ® made a study of 357 cases of tumors of the 
tonsil and pharynx observed in the Mayo Clinic in a period of 14 
years, from 1917 to 1930 inclusive. In this series no mention is made 
of neurofibroma, yet, their series contains 2 fibromas, i fibromyxoma, 

2 fibrosarcomas and i fibromyxosarcoma. 

The term neurofibroma is a descriptive term and seems to be ap- 

* Received for publication June 20, 1935. 
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plicable to the tumor nodules found in von Recklinghausen’s disease. 
Because of the varying mixture of nerve fibers with connective tissue 
the term neurofibroma is descriptive in the sense that it is a fibroma 
on and in a nerve, the fibers of which contribute toward the formation 
of the tumor. In retaining for the tumors of von Recklinghausen’s 
disease the name neurofibroma, the term must be understood to 
signify a tumor that contains both nerve fibers and connective 
tissue. It is not a new growth of nerve tissue, although there are 
nerve fibers and apparently new nerve collaterals running in it. It is 
not a simple fibroma but is a fibrous connective tissue reaction that 
is a part of a more general process. 

A pure neurofibroma, as seen in von Recklinghausen’s disease, is 
in one sense not a neoplasm at all.® There are wandering nerve 
fibers derived from the involved nerve and a surrounding tangle of 
reactionary connective tissue which is a magnification of the wide- 
spread pathological alteration of the nerves in the system disease. 
Confusion arises from the fact that at times within these neurofi- 
bromas true neoplasms such as perineurial fibroblastoma may appear 
and may grow so large as to displace most of the neurofibroma tissue 
to the periphery. In von Recklinghausen’s disease, however, nerve 
fibers will be found to enter each tumor with few exceptions, while 
in solitary perineurial fibroblastomas the comparatively normal 
nerve is invariably applied to the capsule of the tumor without pene- 
trating it. 

Grossly a neurofibroma is usually attached to a nerve. It is most 
frequently somewhat rounded and nodular in shape, firm in con- 
sistence and, on section, white and often almost translucent. 

The histological picture is characterized by palisading and paral- 
lelism of the nuclei and a tendency to form nuclear eddies and 
streams. The nuclei are usually elongated and irregular. They may 
be large, however, and contain a condensation of chromatin which 
resembles to some extent the nucleoli of nerve cells, especially in de- 
generating areas. 

Some authors attempt to differentiate perineurial fibroblastoma 
from true neurofibroma in that the former does not show nerve 
fibers. The nerve or nerve root to which the tumor is attached may 
be found at the periphery of the tumor running on or in the capsule, 
and at times a spiral coat ganglion may be dragged out by the nerve 
root and flattened over such a fibroblastoma. 
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A few cases of tumors associated with nerves located in the phar- 
3aix and adjacent structures have been reported in the hterature. 
Spiess ^ reported what was apparently the first case of ganglioma 
arising in this location. This tumor arose in the subglottic region of 
the larynx. The upper part was visible between the vocal cords. 
Microscopically the tumor was composed of nerve tissue — a fibrous 
basis with numerous ganglion cells which had aU the staining proper- 
ties and characteristics of nerve cells. It is the opinion of the writer 
that gangliomas do not have the same histogenetic origin as neuro- 
fibromas and should not be classed with the t3^e of tumor under 


consideration. 

CoUedge ^ in 1930 reported a case of a neurofibroma associated 
with von Recklinghausen’s disease in a woman 44 years of age. The 
tumor presented itself as a firm swelling occupying the right ary- 
epiglottic fold and pyriform fossa and entirely concealing the right 
vocal cord. It could not be palpated externally. Microscopically it 
proved to be a pure fibroma. One can not say definitely that there is 
any relation of this tumor to the generahzed neurofibromatosis. ^ 

Forbes ® in 1925 reported a case of plexiform neuroma (ganglion 
neuroma) associated with von Recklinghausen’s disease in a girl 
14 years of age. Oral examination showed a large, irregularly smooth 
mass occupying practically half of the faucial pharynx and involving 
the right tonsiUar pillar. The left half of the pharynx was not in- 
volved. Grossly the specimen consisted of nine pieces of tissue, t e 
largest measured 30 by 23 by 8 mm., and the smallest 10 by 5 7 
4 mm. All pieces were irregular in shape, pale pink in color, semi 
soft in consistence for the most part and loose in structure mt 

coarse, papillary projections on the free surface. On section ere 

were white and translucent streaks throughout, suggestmg e, 
twisted nerve trunks. Meeker,^'’ who reported the case from a pa o- 
logical viewpoint, was unable to find any record of mmt er s 
tumor involving the pharyngeal mucous membrane. ^ e consi^ ere 
this a true neuroma, a manifestation of von Reckhng ausen s 


called neurofibromatosis. iiorvn- 

Askanazy reported a solitary nerve tumor o t ® P®f P 
?eal wall which he, after ten years of study, foa y esign 
i “neurinoma Verocay,” the modern designation o ma y 
mmors of von Recklinghausen’s neurofibromatosis. _ 

Figi ^2 reported a sohtary neurofibroma of the p arynx m 
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6i years of age. This case is unique; I am unable to find a report of 
another similar one. Physical examination revealed extreme prom- 
inence of the left tonsil. It was firm and bulged almost to the median 
line of the pharynx, apparently because of the marked tonsillar en- 
largement. There was a palpable mass high in the left cervical re- 
gion. At operation the tonsils were found to be uniform in size, the 
bulging on the left being due to a large, firm, somewhat irregular 
mass situated externally to the aponeurosis. Upon removal of the 
tumor it was found to be encapsulated with projections on its sur- 
face extending laterally and inferiorly. It was firm in consistence 
and measured approximately 4.5 by 6 by 8 cm., and on section was 
yellowish in color. Microscopically the tumor was reported to be 
a degenerating neurofibroma. Through a communication with 
Dr. Gorden B. New I understand that he has recently removed a 
neurofibroma similar in location, size and structure from a young 
girl. 

Suchanek,^^ Holmgren^® and Vail^® each reported a case of 
Schwannoma of the larynx, but no mention was made as to the in- 
volvement of the pharynx. 

The writer is reporting a case of neurofibroma of the pharynx 
associated with von ReckHnghausen’s disease which is similar in 
type and location to the ones reported by Forbes ® and Askanazy.^^ 
The case reported by Figi^^ was a solitary neurofibroma of the 
phar3mx without the usual skin manifestations of von Reckling- 
hausen’s disease. 


Report of Case 

Clinical History; A white woman, 44 years of age, was admitted to the Pater- 
son General Hospital on April 25, 1934. She complained of a lump in her throat 
and progressive difficulty in swallowing and breathing for the past few months. 
Family and past history were not remarkable. 

Physical examination revealed a growth in the pharynx, somewhat elliptical 
in shape, measuring about 8 by 10 cm. It occupied the left half of the pharynx 
and extended from the eustachian tube above to the epiglottis below. The 
tumor bulged anteriorly and obstructed a view of the larynx. 

Over the chest, abdomen, back and extremities were many soft and firm, pe- 
dunculated and sessile tumor masses, some measuring as much as 2 by i by i cm. 
Associated with the tumor masses were pigmented areas of the skin varying in 
size from i to 2 cm. (Fig. i). 

On April 26, i934> under general anesthesia, a firm tumor mass apparently 
fixed to the side and back of the pharynx was removed in two pieces. The larger 
piece measured 7.5 by 6 by 2.5 cm., the smaller 4 by 2 by 4 cm. 
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Pathological Report: (No. 34-380). Grossly the specimen consists 
of seven pieces of firm tissue, weighing together 50 gm. The largest 
piece measures 5 by 2.5 by 2 cm. All pieces are firm in consistence 
and, on section, white in color with a smooth cut surface. The outer 
surface of the larger pieces is nodular, irregular and covered with a 
dense fibrous capsule. Microscopically the characteristic histological 
features are the palisade-like and parallel arrangement of the elon- 
gated nuclei. The nuclei also tend to be arranged in streams, eddies 
and whirls. Running parallel to the long axis of the nuclei are long 
parallel fibers of collagen. Li some areas the tumor is rather cellular, 
the cells are a little larger and some of the nuclei are hyperchromatic. 
Very rarely a mitotic figure is found (Fig. 2). 

Diagnosis: Neurofibroma with an occasional mitotic figure. 

On April 30, 1934, two of the tumor masses were removed from the 
chest. 

Pathological Report: The specimen consists of two pieces of tissue. 
The larger is 1.5 by i by 0.4 cm. and is covered on one surface with 
skin. On the skin surface is a slightly elevated, soft tumor mass 
I cm. in diameter. The second piece is a pedunculated, firmer tumor 
mass measuring 0.4 by 0.4 by 0.2 cm. 

Diagnosis: Neurofibromatosis. 

The patient made an uneventful recovery and showed no signs of 
recurrence of the pharyngeal tumor at the end of 12 months. 

Summary 

1. A report of the successful removal of a neurofibroma weighing 
50 gm. from the pharynx of a woman 44 years of age who presented 
a t3^ical picture of von Recklinghausen’s disease is made. 

2. The cause and anatomical structure of neurofibromatosis, as 
found in von Recklinghausen’s disease, is discussed. 

3. Only 3 other cases of neurofibroma of the pharynx were found 

in the literature. 

Note: I am indebted to Dr. N. P. Lobsenz for his permission to 
report this case and for his assistance in obtaining the clinical data. 
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DESCRIPTION OF PLATE 
Plate 133 

Fig. I. Photograph showing neurofibromas associated with areas of pigmenta- 
tion (von Recklinghausen's disease). 

Fig. 2. Photomicrograph showing the most cellular area of the neurofibroma 
from the pharynx, x 120. 
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A TECHNIQUE FOR DEMONSTRATING THE PERIVASCULAR 
NERVES OF THE PIA MATER AND CENTRAL NERVOUS 

SYSTEM * 


Welder Peneieed, M.D. 

(From the Montreal Neurological Institute, Montreal, Canada) 


^ In the course of a study of the nerves of intracranial blood vessels 
It was found that the Cajal reduced silver method and the methods 
employed by Stohr and by Bielschowsky would at times demonstrate 
vascular nerves on the pial and dural vessels. But no such nerves 
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bral vessels until it was modified as will be described below. It was 
only due to the persistance and versatihty of our technician Edward 
Dockrill that a''reliable method was at last devised which serves 
to demonstrate nerve fibers both on pial and intracerebral blood 
vessels. 


The addition of acid to the formaldehyde fixative is the most im- 
portant new element in the procedure. Different acids may be used 
but the best results were obtained with a combination of formalin 
and citric acid, which we have called Dockrill's fixative. Thick sec- 
tions may be made but best results were obtained when the whole 
vessel dissected free from the brain was carried through the various 
solutions on a glass rod. 

The routine procedure is as follows: 

1. Wash out blood from the material to be used by perfusion of 
saline through the blood vessels, or by rinsing uninjected tissue in 
saline. 

2 . Fix, preferably by injection, with 10.5 per cent citric acid (pow- 
der is more readily soluble but crystals may be used) in 20 per cent 
commercial formalin (neutrality of the formalin used is not im- 
portant) . If injection is not possible leave the material 2 or 3 days 
in fixative before staining. Otherwise stain shortly after injection. 

3. Prepare tissue by dissecting out blood vessels under a dissect- 
ing microscope. The pia is cut and turned slightly backwards so as 

* Received for publication J\me 28, 1935* 
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to expose the vessel entering at right angles to the brain. Brain tis- 
sue is then carefully pushed away from around the vessel until a 
sufficient length is obtained when the vessel is cut and lifted out. 
Intracerebral vessels of the anterior perforated space and large 
branches of the middle cerebral artery, such as the lenticular striate, 
are the most readily dissected. 

4. Wash blood vessels or sections in 2 changes of distilled water 
and place them in a 20 per cent aqueous solution of silver nitrate for 
2 hours. 

5. Pass material through 4 changes of 20 per cent formalin. Use 
Petri dishes for this and have about 100 cc. of solution in each dish. 
(It is a good plan to have both the formalin and the subsequent ma- 
terials laid out ready for use before beginning this step; see schema 
below.) 

6. Pass directly from 20 per cent formalin to ammoniacal silver 
nitrate, prepared by adding concentrated ammonia (28 per cent) 
drop by drop, to a 20 per cent solution of silver nitrate. A precipi- 
tate forms which redissolves on addition of more ammonia'. Add 
about 3 drops in excess. If the material turns black or becomes too 
dark, cautiously add more ammonia drop by drop until the concen- 
tration is right as seen by the tissue. Examine the vessel or section 
under the microscope for degree of staining. The nerves will be seen 
to “come up” slowly. 

7. When the degree of staining is sufficient place for i or 2 min- 
utes, according to thickness, in 20 per cent ammonia water. 

8. Wash in distilled water acidified with 12 to 15 drops of glacial 
acetic acid. Any trace of alkalinity precipitates gold chloride from 
solution; that is the reason for the acidified water wash. 

9. Tone in 0,2 per cent (1 :soo) yellow gold chloride for | to i hour, 

10. Fix in 5 per cent sodium thiosulphate 15 minutes. 

11. Wash in water. Dehydrate in 3 changes of 95 per cent al- 
cohol and mount in Canada balsam from carbol-creosote-xylol mix- 
ture. 
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Summary 


1. Wash. 

2. Fix. 

3. Dissect. 


Ammoniacal 

20% AgNOs 
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( 25 cc. j 
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1 1 100 cc. 
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(2 hrs.) 

s- 


6. 

(Examine under 
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Ammonia 

Water and Tone gold 

Fix 


water 20 % 

\ 

acetic acid chloride Hypo 5 % 

Wash 

f 25 cc. j 

f 100 cc. j ( 100 cc. j 1 

4 \ 

25 CC. j 

0 



7 - 

V y 

8. 9. 

— y 

10. 

II. 

(Dehydrate, clear 
and mount) 


It often happens that insufficient staining of nerves is obtained 
because of precipitate forming before staining is complete, or be- 
cause the material darkens too rapidly in the ammoniacal silver 
bath. Such material can be decolorized and then, after refixation, 
stained again. Two solutions are used for this, each kept in a sepa- 
rate bottle. The first is a 10 per cent solution of iodine in a 20 per 
cent aqueous solution of potassium iodide. The second, a 10 per cent 
aqueous solution of potassium cyanide, is added drop by drop to the 
iodine until it clears. When the stained vessel or section is placed in 
this it becomes almost instantly colorless. Wash in water and leave 
in fresh fixative for 2 or more days before restaining. This procedure 
will often “bring up” nerves that have previously failed to show and 
one may repeat the process as many as a dozen times on the same 
material. Care should be exercised in using it, however, as the solu- 
tion hberates hydrocyanic acid fumes. 

Preparations made as described above seem to last indefinitely as 
those now 5 years old have not changed. The nerves on the intra- 
cerebral vessels are continuous with those upon the pial vessels and 
nerve endings may be impregnated at times.^’ ^ 
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PAPILLOMATOSIS PERITONEI * 


Arthur H. Wells, M.D. 

(From the William Volkcr Laboratory of Research Hospital, Kansas City, Mo.) 

A benign, branching villous papilloma, the surface cells of which 
are continuous with the mesothelium of the peritoneum, is of con- 
siderable rarity since we can find no record of a similar case in the 
available literature, nor have we found others familiar with the con- 
dition. 

In the case to be reported the patient’s medical history and death 
apparently have no relation to the peritoneal papillomas. How- 
ever, a brief summary is presented. 

A 70 year old judge had been in excellent health, never having 
suffered from any serious disease, but there gradually developed over 
a period of i year an increasing diflaculty in voiding. The symptom 
progressed to complete urinary retention during the last 2 weeks of 
life. There was a moderately enlarged prostate but no other im- 
portant physical abnormalities, except for an occasional extrasystole. 
The urine showed a cloud of albumin and many pus cells. Blood 
chemistry, Wassermann test and other routine laboratory proce- 
dures were negative. A suprapubic cystotomy was performed as the 
first stage of a prostatectomy and there was some attempt at repair 
of a urinary bladder diverticulum. The patient remained in appar 
ently good condition throughout the operation. The pulse, respira 
tion and blood pressure taken 4 hours postoperatively. (5 minutes 
before death) were normal and the patient gave no evidence of un- 

pending sudden death. , . 

The important findings at autopsy included a heart weig g 
460 gm. with badly sclerosed coronary arteries but showing no myo 
cardial scarring or evidence of myocardial degeneration. ^ There were 
moderate congestion and edema of the lungs, congestion o wr, 
spleen and kidneys, obstructive benign prostatic 
chronic prostatitis, acute cystitis with a large diverticu um in 
fundus of the bladder and many small papillary tumors on o er 
wise normal peritoneal surfaces. The opened intestines con am 

* Received for pubKcation May 20, 1935- 
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no sign of neoplasm and no single primary source of the peritoneal 
lesions could be found. 

The papillomas were scattered over the parietal peritoneal sur- 
faces, being concentrated for the most part on the diaphragm, omen- 
tum and mesentery of the small intestine. They varied in size from 
slight irregularities, invisible to the unaided eye, to lesions nearly a 
centimeter in diameter and occurred singly or in small groups. Occa- 
sionally there was a small villous bridge between adjacent lesions. 
The smallest lesions were irregular elevations of the peritoneum with 
distinct increase in the size and number of mesothelial cells and with 
a change to cuboidal shape. A very slight increase in cellularity of 
the underlying connective tissue was noted. A few lesions were 
found as microscopic cr)^ts below the surrounding peritoneal sur- 
face. Simple finger-like viUi less than a millimeter in length were 
frequent. Microscopically they may have had many small buds 
covered by small cuboidal cells which showed no mitotic figures. In 
the largest lesions heavy vM branched from a common center at the 
top of a rather long and narrow pedicle. The main viUi may have 
branched once or twice and small buds were located anywhere on 
these but more particularly on the smaller branches. The larger viUi 
tended to be heavy and club-shaped and their mesothehum thin and 
flat, approaching the normal. The connective tissue was coarse and 
had comparatively few cells in the pedicle and proximal portions 
while the ends of villi showed fewer cells and very delicate fibrils. A 
few well formed blood vessels were found even in the small branches. 
Nerv^e fibers could not be demonstrated. The small numbers of 
lymphocytes present in a few of the older villi could hardly be con- 
sidered the result of inflammation of bacterial origin. 

An attempt was made to learn more of this tumor by direct corre- 
spondence. Dr. James Ewing’s first impression was that the papil- 
lomas were epithelial implantations from some ruptured epithelial 
C}'st. If no such prunary tumor could be found, then by exclusion 
one must conclude that they were endothelial in origin and repre- 
sent true fibro-endothelial papillomas. Except for multiple cystic 

tumors of the peritoneum, he had never seen anything like the case 
in question. 

Dr. \\ iUiam Boyd felt that the condition was a papillomatosis of 
the peritoneum, but using the word merely to indicate a proliferative 
lesion of connective tissue cells projecting from the surface and not 
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necessarily an epithelial neoplasm, and although he had never seen 
or heard of papillary growths resulting from chronic irritation of the 
peritoneum, this was a possible etiological factor. 

Dr. Arthur E. Hertzler believes the condition to be a primary, be- 
nign, wart-like growth of the peritoneum, the only one of its kind in 
his experience. A number of other pathologists and surgeons were of 
a similar opinion. 

The tendency of certain embryonic derivatives of the peritoneum 
to form papillary tumors of a somewhat similar type as the above is 
a generally recognized phenomenon. It seems unusual that papil- 
lary tumors of peritoneum are not more frequently described. 

Summary and Conclusions 

An unusual and widespread villous type of benign peritoneal papil- 
loma was an incidental finding at the autopsy of an elderly man dy- 
ing 4 hours after the first stage operation for prostatectomy. The 
tumor is considered primary in the peritoneum and related to sim 
ilar neoplasms in structures derived from the peritoneum. 
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Plate 134 

Fig. I. Mesentery of small intestine covered with benign papillomas. (Inset) 
A group of lesions of varied sizes, x 5. 

Fig. 2. Branching viUi and “buds” from a large lesion, x 50. 

Fig. 3. Early lesion showing relation to mesothelium. x 250. 
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